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I. INTRODUCTION 
Carbonated beverages are distinguished by the presence of suffi­
cient carbon dioxide Impregnated In their liquid so that, at the time of 
serving, an effervescence or release of gas occurs. This effervescence 
gives the sparkle and pungency so characteristic of the product. 
The earliest carbon dioxide Impregnated beverages were products 
of Nature. Certain wells and springs contain water which bubbles vigorous­
ly, releasing the gas gained under subterranean pressure as this water 
reaches the surface. Naturally fermented Juices of fruit contain carbon 
dioxide as a product of the fermentation. 
Early Investigators were Interested In preparing similar beverages 
Independent of the springs or the natural fermentation. Water or flavored 
solutions were satxirated with carbon dioxide under pressure In closed ves­
sels, and the Impregnated liquids withdrawn for serving or bottling, as 
desired. 
A very marked development has taken place In the Industry for pro­
ducing these carbonated beverages during the past fifty years. Machinery 
for accomplishing the saturation of the liquids with carbon dioxide, conmon-
ly referred to as carbonatlon, and for filling and sealing the liquids In 
bottles has been vastly Improved, approaching complete automatic operation 
In some Instances. With this mechanical development there has arisen an 
appreciation of devices and Information which would promote uniformity of 
the beverages produced. 
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Two probleiBB concerning the carbon dioxide content of these bev­
erages have been of technological Interest and speculation. First, how may 
the content of carbon dioxide present in a bottled product be measured under 
varying conditions of total gas content, temperature, and bottle size? Sec­
ond, what factors Inherent to the product affect the liberation of this gas 
so that the desired pungency and sparkle may be realized? 
However, much of the Information relative to these factors Is not 
well founded or correlated. Observations made throughout the Industry Indi­
cate a decided lack of uniformity of product In these respects and much In­
decision as to the Importance of the related conditions. 
The common means for determining the carbon dioxide content of a 
bottled beverage Is based on the pressure In the bottle at any given tenper-
ature. Interpreted through a theoretical coi]Q)Utatlon. This computation has 
been based on measurements made at normal temperatures and atmospheric pres­
sure, while all other possible pressures were computed as multiples of at­
mospheric pressure. More careful scrutiny must be directed to this measure­
ment to evaluate the effect of the buffer gas space present in the bottle 
above the liquid, the composition of the liquid contents, the presence of 
gases other than carbon dioxide, and the possibility of carbon dioxide's 
variance from theoretical gas behavior. The filled, sealed bottle Is In 
Itself a closed system, which should show a definite pressure related to Its 
gas contait at any given temperature. 
The release of the gas from the product, conversely referred to as 
the gas retention or holding property, has not been evaluated In any precise 
manner other than the general observation that those beverages containing 
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sugar In solution tend to lose their gas content more slowly than similarly 
carbonated water. The factors which might be Influential In reducing the 
supersaturatlon of carbon dioxide can be readily classified as associated 
with the liquid, the gas content, and the container. The liquid may contain 
substances characteristic of the water, the flavoring, coloring, or acidify­
ing agents, the sugar, or other extraneous materials In true colloidal solu­
tion or In sxispenslon; also, the temperatxu'e of the liquid may have definite 
effect on the rate of evolution. The euaount of gas present, as well as the 
presence of foreign gases, should exert an Influence. The container, be­
cause of Its physical contact, may markedly affect the gas liberation. Un­
doubtedly, most beverages have more than one of these factors In combination 
to give a cumulative effect. 
This Investigation, therefore, proposes to add to the Infox^tlon 
concerning the measurement of the carbon dioxide content of carbonated bev­
erages In bottles, and to evaluate the factors which have bearing on the 
evolution of this gas content from the liquid at the time the beverage Is 
released from Its sealed container. 
II. REVIEW OF LITERATURE 
The flrat mention of carbonated beverages appears early In the 
annals of history* It Is legendary that Cleopatra Impressed Mark Antony 
with a carbonated beverage prepared by dropping a large pearl in acidic 
vine. This expensive method was not popular, and it was not until the 
eighteenth century that the inquisitive mind of man turned to artificially 
produced carbonated beverages. 
A certain Professor Venel (24), interested in the effervescent 
European springs, demonstrated before the French Academy of Sciences (1750) 
an imitation of the water from the Selters Springs in Germany, made by mix­
ing together "Uarine Acid (muriatic), two drams of Soda in a pint of water, 
shaking in a stoppered glass bottleS Similarly, Priestley in his experi­
ments with "fixed air" (1767) produced carbonated water (1, 24). 
The Swedish chemist, Bergman, found in 1770 that carbonated waters 
relieved colic and, on this account, analyzed some of the famous German 
spring waters, succeeding in duplicating them artificially with remarkable 
success (5). His methods, particularly his apparatus for impregnating the 
waters with carbon dioxide generated from vitriolic (sulfuric) acid and 
chalk, were copied throughout the Continent. 
In America, Townsend Speakman (1), a Philadelphia druggist, suc­
ceeded in carbonating water and various flavored mixtures (1808). His trade 
was apparently successful, for other nearby druggists soon were selling sim­
ilar beverages (33). Uany of the herbs and spices first used for flavoring 
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Ingredients were considered to have medicinal value; some are still used for 
their refreshing properties today. 
Investigations of the solubility of carbon dioxide In water began 
with the work of Henry (1805) who, after Investigating several gases, stated 
that the amount of gas dissolved In a liquid was proportional to the pressure 
of that gas exerted on the liquid (17)• Bunsen (1855) Investigated several of 
the European spring waters which contained carbon dioxide and expressed the 
solubility of gases by his well-known coefficient alpha, which represents the 
volumes of gas dissolved per volume of liquid, the volume of the gas In each 
Instance being computed back to standard tonperature and pressure (S. T. P.) 
of 32® Fahrenheit (0® C.) and 760 mm. of mercury pressure (4). 
Mflller observed (1870) that It was necessary to allow time for the 
carbon dioxide to saturate the water, and thus get proper absorption (30). 
Wroblewskl (1882) made the first extensive studies of the solubility of the 
gas In water, employing temperatures of 0® and 12.4® Centigrade and at pres-
/ 
sures up to 30 atmospheres (45). Bohr and Bock (1891) made the^fIrst pre­
cise measurements at atmospheric pressure and at t«nperatures from 0® to 
60^ Centigrade (3). These findings were again substantiated by Bohr (1899), 
when he further demonstrated that under similar conditions the rate of ab­
sorption of carbon dioxide by water Is equal to the rate of desorptlon or 
release (2). Since this work of Bohr, other Investigators, such as Just In 
1901 (21), Oeffcken In 1904 (12), and Morgan and Maass In 1931 (29), have 
further substantiated the accuracy of these measurements. 
Application of control methods to the bottling Industry has been 
very gradual. Matthews, an early bottling equipment manufacturer (1876), 
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suggested using a pressure of 180 to 196 Ibs./sq. In. In the vessel used for 
earbonating or impregnating the water with carbon dioxide (25). There was, 
however, much loss of carbon dioxide before the water was bottled* Chester 
(188S) stated that with bottles having wired cork stoppers the pressures in 
the earbonating apparatus should be 60 to 70 Ibs./sq. in., and with other 
types of mechanical stoppers 50 to 60 Ibs./sq. in., but that in either case 
the water must be cold to get the proper amount of gas into the liquid (5). 
Sulz (1888) made reference to the investigations of Wroblewski, 
but did not apply the findings to bottling, other than to point out the ad­
vantage in the use of cold water to facilitate gas absorption and lower 
working pressures in the apparatus (37). He stated that pressures of 95 lbs. 
/sq» in. for soda water and 120 Ibs./sq. in. for lanonade were sufficient in 
the earbonating apparatus. Re also illustrated a pressure gage furnished 
with a piercing device for puncturing the stoppers of bottles and register­
ing the pressure existing in the bottle. Using this apparatus, he showed 
that, although the liquids may be carbonated at pressures of 80 to 180 lbs. 
/sq. in., the resulting pressure in the bottle was only 39 to 51 Ibs./sq. in., 
the difference being the loss in filling. Likewise, it was pointed out that 
those filled at higher pressure had greater degree of instability when the 
bottle was op«ied. 
The invention (1892) of the metallic crown closure for bottles by 
Painter (31) provided a means for simple, leak-proof closure which allowed 
more careful control of the gas content of the products, and led to higher 
speed production. It also promoted sanitation,hermetically closing the bot­
tle, in distinction to the other plunger, stopper or cork closures, all of 
which left much to be desired in sanitation. 
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Goosman (1906) presented the first control relationship between 
temperature and pressure for definite earbonatlon (13). Figure 1 Is com­
posed of reproductions of the Important portion of his work. Note the use 
of the term volume with reference to gas solubility, which Is the same quan­
tity as the Bunsen coefficient alpha. By means of the temperature-pressure 
curves, definite relationships are established for the various types of bev­
erages. The basis for these computations and charts seems to have been the 
work of ffroblewskl. 
Heath (14) developed In 1915 the first complete gas volume chart 
for use with carbonated beverages. Indicating the volumes of gas correspond­
ing to any pressure from 0 to 100 Ibs./sq. In. gage and 38° to 100° Fahren­
heit. A copy of this chart Is shown In Figure 2. Using the data of Bohr 
and Bock for the solubility of carbon dioxide at atmospheric pressure and 
temperatures above the freezing point of water, solubilities were calculated 
as multiples of atmospheric pressiu'e (14.7 Ibs./sq. In. absolute). The term 
volume again refers to the same quantity as the Bunsen coefficient alpha. 
The measurement of the quantity of gas In solution has been ex­
pressed in other manners than the Bunsen coefficient alpha. In such values 
as weight of gas per volume of liquid, weight percentage of gas, and as the 
Ostwald coefficient, which differs from the Bunsen coefficient only In that 
the volume of the gas Is not coisputed back to standard conditions (S.T.P.) 
but Is measured at the temperature of the liquid (36). Although these other 
methods are Interesting, they have not been widely adopted In the Industry. 
Heath, working later with a specialized product of fixed bottle 
size and constant liquid and gas content, noted that with Increasing 
-11-
212 THE CARBONIC ACID INDUSTRY CARBONATED MINERAL WATER, ETC. 
Water filled into an open glass loses its COj nearly entirely, 
and with it most of its refrcsliing properties. 
A large body of water saturated with CO, at a fixed pressure 
and temperature does not lose its gas when the pressure is slightly 
reduced. This condition is called over-saturation and is produced 
more readily with a large body of water than with a small quantity. 
A condition of rest favors over-saturation and a conditinn of motion 
prevents same. » 
For all practical purposes the pressure and temperature at which 
saturation takes place have been established. 
Bunsen and Pauli made the first investigations in this direction 
and established the following rules; 
1 cubic foot of water of :!2° F. and almosplicric prossiirL-
' absorlis 1.7007 cubic feet of COa at :Umospln;ric pressure. 
1 cubic foot of water of 41° 1\ and atmospheric pressurt' 
absorbs l.-HliG cubic feet of'COi at alniosplicric pressure. 
1 cubic foot, of water of 50° F. anil atninsplieric pressnre 
absorbs l.]S17 cubic feet of COi at atinosphcric pressure. 
1 cubic foot of water of .W F. and atmosplieric pressure 
absorbs l.OOiO cubic feet of C0» at atnicisplieric pressure. 
1 cubic foot of water of 0S° F. and .ntmosplierlc pressure 
absorbs 0.9014 cubic feet of COt at atu'ospbcric pressure. 
Wroblewski was the ne.vt scientist to establish reliable data re­
garding the absorption of CO, by water at various pressures. He 
found that the coefficient of saturation is the quantity of CO, gas in 
cubic centimeters at atmospheric pressure and the temperature of 
32® F. required to saturate one cubic centimeter of water at the tem­
perature of 32° F. and the pre.ssurc P."^ Upon this basis he estab­
lished the following table: 
SATURATUIN lU" WATKU wmi tOj. 
K Fressuru in 
pounds 
.S Coffliriciil (jf •.aiiiraliiii 
.\l I'. 
0 
7.?..=; 
147 
220.5 
294 
307.5 
441 
1.797 
S.65 
I6.(« 
21.9.5 
20.fo 
33.75 
.\l .il" I-. .\i .y'l I", .\l 5|i> I" 
1.(1,% 1.797 1 ((SO 
.5.1.5 ' • 1..7.ii) 1 (Wl 
9.65 i l.r.(»3 n 9fo 13.a? ' 1. IfK? (KOtfJ 
17.11 \.X^2 (1 .w 
20.31 1.222 0.N12 23,25 j 
1 1.121 0.775 
'J'hcsc figures demonstrated the following law regi 
. solubility of carbonic acid in water: 
't /*V;x/—-If the temperature remains constant ami th 
; increases, the coeilicient of saturation increases at a mi; 
• rate than the pressure. • 
Sciotnl—if the pressure remains constant and the t( 
decreases, the coefficient of saturation increases much fast( 
• |iarison with the gradual reduction in temperature. 
iun 
e (i: 
Veig^t ^rlonttCltu^ Qae 
nr„ 1«M!.— Ml.XtiRAM .«i|IOU|NC SATURATION OF WATER WITH CO 
Thin!—TIu' sohiliility of luiiitd carbonic acid in wat 
• very little that of the gaseous CO, at pre.ssures just below 
of li(|iu'faction. 
! The accompaiwinu chart (I'ig. 1U6) illustrates the 
curve at temperatures of .12^, 40^, 45° ami 53° F., and 
^ ol saturation or the point governing the highest possible 
! of carbonic acid in water is set foi^th in the following tabh 
; table P is the gauge pressure of the carbonating pump in p( 
i at that pressure one cubic foot (7.5 gallons) of water is 
Fig. 1.- Pages from Goosman,-
"The Carbonic Acid Industry" 

RBONATED MINERAL WATER, ETC. 213 214 THE CARBONIC ACID INDUSTRY 
urcs demonstrated the following law regarding the 
irhniiic acid in water: 
the temperature remains constant and the pressure 
coefficient of saturation ihcreiises at a much slower 
pressure. 
If the pressure remains constant and the teniperature 
coefficient of saturation increases much faster in com-
he gradual reduction in temperature. 
•absorbing the quantity CO^ gas in pounds as stated in the table at 
the temperature of the water 32°, 40°, 45'^ and 53° I'".: 
SATljtTATId.V OF ONE CUniC FOOT OK WATKK WITH COj, 
k m z  
Pi Pressure One cubic fnut (7.5 fall.) u( wnlir ! 
nhsorlis COj in |K)un<ls i 
(GaiiKiO 
.\I32"I'. . At -too K. At 45" I'. AtS.^" K. 
0 0.25 0.20 0.17 0.12 
- • 0.35 0.27 0.2.^ 0.17 
10 , 0.4.? 0.34 0 29 0.22 
l.S 0..S0 0.40 0..>4 0.26 
20 0 .57 0.45 0.39 0.31 
• 25' 0.6-1 0..S0 0.44 0..^5 
30 . 0.69 0..55 0.49 0..^9 
.\s - 0.7t 0.60 • 0..=;3 0.42 
-40 0.79 • 0.6-t 0,.57 0.45 
4.5 0.84 0.69 0.61 O.l't 
.•50 0.S9 0.72 0.65 o..=;2 
. .5.'5 0.9.V 0.76 (i.r.6 (1.,=!.=; 
60 0.97 O.SO 0 72 o..=^,s 
65 1.02 . 0..S4 (' 75 0 W) 
70 1.05 0.,S7 0.7S 0 
/.•) 1.10 0.90 0..S2 II.(/i 
SO 1.14 0.94 0.S5 0.(.S 
85 1.18 0.9S 0.89 0 71 
90 1.24 1.02 0.92 1 )  7 1  
95 1.27 1.05 0.95 0.7(i 
100 1.31 1 10 1 .IK) 0 7 S  
o /  C i t r i t n u Q a t  
jofi,—|I|.\UR\M >no\VINC SATURATION OF WATER WITH COj. 
•'riie snluhility of liquid carbonic acid in water c.vceeds 
at of the gaseous CO:., at pressures just below the point 
n. 
•ompanying chart (I''ig. 1U6) illustrates the saturation 
ipcratures of 32^, 40°, 45° and 53° F., and the point 
or the point governing the highest possible solubili./ 
,cid in water is set for,th in the following table. In this 
.• gauge pressure of the carbonating pump in pounds, and 
lire one cubic foot (7.5 gallons) of water is capable of 
P is the kMtiBC prussun* n( the nirlionalinu ihmiip in pouniU. niu! nt that prcsMirr'niu* 
cubic foot (73 trail.) of water isi capahht of ahst^rbini; thcuunntity of was h) potiiols ns 
stated fn (he table at the tem{>craturt* of the water of 3J". 45'» and 5.^' T. 
Practice has since established the required relation of carbonic 
acid gas in water for certain specific beverages. It has been found 
thatwater which is to be highly flavored witli fruit, etc., does not 
need to be impregnated with the same volume i)f gas that is recjuired 
for soda and other mineral water, whereas in the case of seltzer 
siplions the voliune of.gas required is coiisiilerably larger than in any 
other beverages. It is ordinarily iLssumed that from three and 
one-half to-four volumes of gas are sufficient for ciirbonating a vol­
ume of water when the latter is to be used for fruit beverages. For 
soda water this volume is increased to six and for sclt/.er siphoin it is 
as high as eiglit volumes of gas to the volume of water. 
In the chart shown herewith (Fig. 107) the relation of pres­
sure and temperature is given to impregnate ordinary water, soda 
water and seltzer siphons with the necessary volume of carbonic acid 
gas. Three curves are shown representing, respectively, ordinary 
.water, soda water and seltzer siphons. For ordinary water four vol-
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bing the quantity C0» ^as in pounds as stated in the tahle at 
cinpcraturc of the water 32°, 40°, 45*^ and 53° K.: 
SVTUtTfXTIO.V (IK OXK cuntc POfIT OP WArtJtt U'tTtt co^. 
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BKiire 
indK. 
. One cubic font (7o i;all.) of waItT J 
nhsorlis COj in i>oiinils. \ 
t'f);. 
.U3J"K. At •too F. At 45" F. 
I) • '6.25:. 0.20 0.17 0.12 
5 '  •  0.35 0.27 ^ 0.2.> 0.17 
n  0.^3 . 0..^l ((29 0.22 
5  0..t() 0.40 0..vl ().2(. 
n  0 57 0.45 II..V; o..-^i 
s 0.64 0..S/) l).44 0..i5 
0  0.69 0..S5 • 0.-t9 O..VJ . 
5 0.7( O.f.0 • 0..5.^ 0.-I2 
0 0.79 • 0.6-1 0..57 0.1 = 
5 •> 0.84 0.69 0.6! O.l'l 
0- 0.89 0.72 O.fo 0.52 
O.9.? • 0.76 (1.66 (».55 
0 • 0.97 0..S0 0.72 n..^,s 
5' ^  1.02 • 0.84 0 75 • (1 (Ji 
() 1.05 0.87 0.78 0 (0 
5 - I.10 • O.'X) ().82 o.r/i 
0 .. 1.14 0.94 0.85 O.f.S 
.1 . " M S  O.'JS 0.89 II 71 
0' : 1.24 . 1.02 0.92 0 74 
5 1.27 1.05 0.95 0.76 0 ". I..SI I 10 I.IKI 0 78 
is the uauKO (»rc»sur<! of tin? rariinnnlhik' »» imiuimI.h, n»ul Ih.it prcjisH/in* mw 
foot (7^ call.) oLwater is caijabU'nf ahsorhtnt; the tiunntjtv nf khs in poumls n-* 
in the tabic at the temperature of the water of 32'*. 45'> and 5.>'^ F. 
Practice has since established the required relalion of carbonic 
gas in water for certain specific hcvcraijcs. It has been found 
.water Avhich is to be liifihiy flavored witli fruit, etc., docs not 
to be impregnated with tlic same volume of ^as that is retiuired 
soda and other mineraPwater, whereas in the rase of .seltzer 
)ns the volume of gas required is considerably larger than in any 
r, .beverages. . It is ordinarily assumed that from tliree and 
lalf to-four volumes of gas arc sufficient for carbonating a vol-
of water when the latter is to be used for fruit beverages. For 
water this volume is increased to six and for seltzer siphon; it is 
gh as eiglit volumes of gas to the volume of water. 
In the chart shown herewith (Fig. 107) the relation of pres-
and temperature is given to ijnpregnatc ordinary (ivatcr, soda 
T. and seltzer siphons with, tlie necessarj' volume of carbonic acid 
f Threes curves arc shown representing, respectively, ordinary 
!r,^ 'soda \yatcr and sclizer siphons. For ordinary water four vol­
umes of gas have been taken its a basis, for soda water six volumes 
have been used; and for seltzer siphons the volume of carbonic acid 
gas has been increased to eight. At the foot of the chart in the 
horizontal line will be found the various temperatures of the water 
to lie carbonated, and in the vertical line arc given the respective 
pressures which are needed in order to incorporate the desired volume 
of g.'Ls with a volume of water. IJy following the horizontal and 
53 i't.ss 't{ 'u 'i: h:> u** v" ve '#9 ^ 52 ^ » u b' 59 it.o l7 k.* £s ic i.r 
'/hnn/aiurc tn'ifcOrf^ 
nr.. I*'7.—tH.VKT SII'MM.SC RBL.\Tir».V "K rKK.SSl'RKS .\SD 7E-MnnAtl-KKs fOK I.MAtI«»N 
OF LIO'''l>S wmi CAknOMC .\CU» G\S. 
vertical Ilniv, I IJ P  point at which- the carbonating curve converges 
with the same establishes the corresponding pressure and temperature. 
Or, if the temperature of the .water is known and it is desired to 
establish the carbonating pressure in order to'obtain the desired 
result, it is only necessary to follow the vertical line of the cor­
responding temperature until it meets the carbonating cur%'c, then 
follow the horizontal line to the lejt and find the pressure required. 
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A.B«C.B> Recommended Practice—GAS VOLUME TEST CHART—-(Showing Volumes of 
GAJJGH PRESSURES IN BOTTLE POUNDS PER SQUARE INCH 
*0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 ^52 •54 56 58 60 62 64 66 
32- 1.71 1.9 2.2 2.4 2.6 2.9 3.1 3.3 3.5 3.8 4.0 4.2 4.4 4.7 4.9 5.2 5.4 5.6 5.8 6.1 6.3 6,5 6.7 7.0 7.2 7.4 7.7 7.9 8.2 8.4 8.6 8.8 9.0 9.3 
33 1.68 1.9 2.1 2.4 2.6 2.8 3.0 3.2- 3.5 3.7 3.9 4.1 4.3 4.6 4.8 5.1 5.3 5.5 5.7 5.9 6.2 6.4 6.6 6.8 7.1 7.3 7.5 7.8 8.0 8.2 8.4 8.6 8.9 9.1 
34 1.64 1.9 2.1 2.3 2.5 2.7 2.9 3.2 3.4 3.6 33 4.1 4.3 4.5 4.7 4.9 5.2 5.4 5.6 5.8 6.0 6.2 6.5 8.7 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.7 8.9 
35 1.61 1.8 2.0 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.8 4.0 4.2 4.4 4.6 4.8 5.1 5.2 5.5 5.7 5.9 6.1 6.3 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.3 8.5 8.7 
36 1.57 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.3 3.5 3,7 3.9 4.1 4.3 4.5 4.7 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.9 7.1 7.3 7.5 7.7 7.9 8.1 6.3 8.6 
37 1.54 1.7 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.9 5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.4 7.6 7.8 8.0 8.2 8.4 
38 1.51 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.3 4.5 4.8 5.0 5.2 5.4 5.6 5.8 6.0 0.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 
39 1.47 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.0 4.3 4.5 4.7 4.9 5.1 5.3 5.4 5.7 5.9 6.1 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 
40* 1.45 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.3 4.5 4.7 4,9 5.1 5.3 5.5 5.7 5.9 6.1 6,3 6.5 6.7 6.9 7,1 7.3 7.5 7.7 7.9 
41 1.42 1.6 1.8 2.0 2.2 2.4 2.6 2.8 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.1 7.3 7.5 7.7 
42 1.40 1.6 1.8 2.0 2.1 2.3 2.5 2.8 2.9 3.1 3.3 3.5 3.6 3.8 4.0 4.2 4.4 4.6 4.7 4.9 5.1 5.3 5.5 5.7 5.9 6.) 6.3 6.4 6.6 6.8 7.0 7.2 7.4 7.6 
43 1.37 1.6 1.7 1.9 2.1 2.3 2.5 2.7 2.8 3.0 3.2 3.4 3.6 3.8 3.9 4.1 4.3 4.5 4.7 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.1 6.3 6.5 6,7 6.9 7.0 7.2 7.4 
44 1.35 1.5 1.7 1.9 2.1 2.2 2.4 2.6 2.8 3.0 3.1 3.3 3.5 3.7 3,9 4.0 4.2 4.4 4.6 4.8 5.0 5.1 5.3 5.5 5.7 5.9 6.0 6.2 6.4 6.6 6.7 6.9 7.1 7.3 
« 1.32 I.S 1.7 1.8 2.0 2.2 2.4 2.5 2.7 2.9 3.1 3.3 3.4 3.6 3.8 4.0 4.1 4.3 4.5 4.7 4.8 5.0 5.2 5.4 5.6 5.7 5.9 6.1 6.2 6.4 6.6 6.8 6.9 7.1 
46 1.29 1.5 1.6 1.8 2.0 2.2 2.3 2.5 2.7 2.8 3.0 3.2 3.4 3.5 3.7 3.9 4.0 4,2 4.4 4.6 4.7 4.9 5.1 5.3 5.4 5.6 5.8 6.0 6.1 6.3 6.4 6.6 6.8 7.0 
47 1.26 i.4 1.6 1.8 1.9 2.1 2.3 2.4 2.6 2.8 2.9 3.1 3.3 3.5 3.6 3.8 4.0 4.1 4.3 4.5 4.6 4.8 5.0 5.2 5.3 5.5 5.7 5.9 6.0 6.2 6.3 6.5 6.7 6.9 
48 1.24 1.4 \ £  1.7 1.9 2.1 2.2 2.4 2.6 2.7 2,9 3.1 3.2 3.4 3.6 3.7 3.9 4.1 4.2 4.4 4.6 4.7 4.9 5.1 5.2 5.4 S.6 5.7 5.9 6.1 6.2 6.4 6.6 6.8 
49 1.21 1.4 1.5 1.7 1.9 2.0 2.2 2.4 2.5 2.7 2.8 3.0 3.2 3.3 3.5 3,7 3.8 4.0 4.1 4.3 4.5 4.6 4.8 5.0 5.1 5.3 5.5 5.6 5.8 6.0 6.1 6.3 6.4 6.6 
50* t.l9 t.4 1.5 1.7 t.8 2.0 2.2 2.3 2.5 2.6 2.8 2.9 3.1 3.3 3.4 3.6 3.7 3.9 4.0 4.2 4.4 4.5 4.7 4.9 5.0 5.2 5.4 5.5 5.7 5.9 6.0 6.2 6.3 6.5 
Si 1.17 1.3 1.5 1.6 l.d 2.0 2.1 2.3 2.4 2.6 2.7 2.9 3.1 3.2 3.4 3.5 3.7 3.8 4.0 4.2 4.3 4.5 4.6 4.8 5.0 5.1 5.3 5.4 5.6 5.7 5.9 6.1 6.2 6.4 
52 1.15 1.3 1.5 1.6 1.8 1.9 2.1 2.2 2.4 2.5 2.7 2.8 3.0 3.2 3.3 3,5 3.6 3.8 3.9 4.1 4.2 4.4 4.5 4.7 4.9 5.0 5.2 5.3 5.5 5.6 5.8 5.9 6.1 6.3 
53 1.13 1.3 1.4 1.6 1.7 1.9 2.0 2.2 2.3 2.5 2.6 2.8 2.9 3.1 3n 3.4 3.6 3.7 3.8 4.0 4.2 4.3 4.4 4.6 4.8 4.9 5.1 5.2 5.4 5,5 5.7 5.9 6.0 6.1 
54 1.11 1.3 1.4 1.6 1.7 1.9 2.0 2.2 2.3 2.4 2.6 2.7 2.9 3.0 3.2 3.3 3.5 3.6 3.8 3.9 4.1 4.2 4.4 4.5 4.7 4.8 5.0 5.2 5.3 5.4 5.6 5.7 9.9 6.0 
55 I.IO 1.3 1.4 1.5 1.7 1.8 2.0 2.1 2.3 2.4 2.6 2.7 2.8 3.0 3.1 3.3 3.4 3.6 3.7 3.9 4.0 4.1 4.3 4.4 4.6 4.7 4.9 5.1 5.2 5,3 5.5 5.6 5.8 5.9 
56 1.08 1.2 1.4 I.S 1.6 1.8 1.9 2.1 2.2 2.4 2.5 2.6 2.8 2.9 3.1 3.2 3.4 3.5 3.7 3.8 3.9 4.1 4.2 4.4 4.5 4.7 4.8 5.0 5.1 5,2 5.4 5.5 5.7 5.8 
57 1.06 1.2 1,3 1.5 t.6 1.8 1.9 2.0 2.2 2.3 2.5 2.6 2.7 2.9 3.0 3.2 3.3 3.5 3.6 3.7 3.9 4.0 4.1 4.3 4.4 4.6 4.7 4.9 5.0 5.2 5.3 5.4 5,6 5.7 
58 t.04 1.2 1.3 1.5 1.6 1.7 1.9 2.0 2.1 2.3 2.4 2.6 2.7 2.8 3.0 3.1 3.3 3.4 3.5 3.7 3.8 3.9 4.1 4.2 4.4 4.5 4.6 4.7 4.9 5.1 5.2 5.3 5.5 5.6 
59 1 1.02 1.2 1.3 1.4 1.6 1.7 1.8 2.0 2.1 2.2 2.4 2.5 2.7 2.8 2.9 3.1 3.2 3.3 3.5 3.6 3.7 3.9 4.0 4.2 4.3 4.4 4.6 4.7 4.0 5.0 5.1 5.3 5.4 5.5 
60* 1 1.00 1.1 1.3 1.4 1.5 1.7 1.8 1.9 2.1 2.2 2.3 2.5 2.6 2.7 2.9 3.0 3.1 3.3 3.4 3.5 3.7 3.8 3.9 4.1 4.2 4.3 4.5 4.6 4.7 4.9 5.0 5.2 5.3 5.4 
61 1 0.98 1.1 1.2 1.4 1.5 1.6 1.8 1.9 2.0 2.2 2.3 2.4 2.6 2.7 2.8 3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.9 4.0 4.1 4.3 4.4 4.5 4.7 4.6 4.9 5.1 5.2 5.3 
62 0.97 1.1 1.2 1.4 1.5 1.6 1.7 1.9 2.0 2.1 2.3 2.4 2,5 2.6 2.8 2.9 3.0 3.2 3.3 3.4 3.6 3.7 3.8 4.0 4.1 4.2 4.3 4.4 4.6 4,7 4.8 5.0 5.1 5.3 
63 0.99 1.1 1.2 1.3 1.5 1.6 1.7 1.8 2.0 2.1 2.2 2.4 2.5 2.6 2.7 2.9 3.0 3.1 3.2 3.4 3.5 3.6 3.8 3.9 4.0 4.2 4.3 4,4 4.5 4.6 4.8 4.9 5.0 5.2 
64 0.93 1.1 1.2 1.3 1.4 1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.6 2.7 2.8 2.9 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.1 4.2 4.3 4.4 4.6 4.7 4.8 4.9 5.1 
65 0.92 1.1 1.2 1.3 1.4 1.5 1.7 1.8 1.9 2.0 2.2 2.3 2.4 2.5 2.6 2.8 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.8 3.9 4.0 4.1 4.2 4.4 4.5 4.6 4.7 4.8 5.0 
66 0.90 1.0 1.2 1.3 1.4 1.5 1.6 1.8 1.9 2.0 2.1 2.2 2.4 2.5 2.6 2.7 2.8 3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.1 4.2 4.3 4.4 4.5 4.7 4.8 4.9 
67 0.fi9 1.0 1.1 K2 1.4 1.5 1.6 1.7 1.8 2.0 2.1 2.2 2.3 24 2.6 2.7 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 4.0 4.1 4.2 4,3 4.4 4.6 4.7 4.8 
68 0.88 1.0 I.I 1.2 1.3 1.5 1.6 1.7 1.8 1.9 2.0 2.2 2.3 2.4 2.5 2.6 2.7 2.9 3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.0 4.2 •4.3 4.4 4.5 4.6 4.7 
69 0.86 1.0 I.I 1.2 1.3 1.4 1.5 1.6 1.8 1.9 2.0 2.1 2.2 2.4 2.5 2.6 2,7 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.7 
70* 0.85 1.0 I.I 1.2 1.3 1.4 1.5 1.6 1.7 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.5 4.6 
71 0.84 0.9 1.1 1.2 1.3 (.4 1.5 1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.9 4.0 4.1 4.2 4.3 4.4 4.5 
72 0.83 0.9 1.0 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 
73 0.81 0.9 1.0 I.I 1.2 1.4 I.S 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3,5 3.6 3.7 3.8 3.9 4,0 4.1 4.2 4.4 t 
•74 0.79 0.9 1.0 I.I 1.2 1.3 1.4 I.S 1.6 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.5 3.0 3.7 3.8 3.9 4.0 4.1 4.2 4.3 i 
75 0.78 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 
76 1 0.77 0.9 1.0 I.I 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.4 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.7 3.6 3.9 4.0 4.1 4.2 i 
77 0.76 0.9 1.0 t.l 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4 
78 1 0.75 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4 
79 '1 0.74 0.8 0.9 t.o l.t 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4 
80* 0.73 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2,3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4 
81 1 0.72 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1,6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3,5 3.6 3.7 3.8 3.9 4 
82 0.71 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3,0 3.1 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 3 
63 0.70 0.8 0.9 1.0 1.1 (.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2,6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3 
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86 0.67 0.8 0.8 0.9 1.0 l.l 1.2 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4. 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.6 3 
87 0.66 1 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.1 2.2. 2.3 2.4 2.5 2.6 2.7 2.8 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3 
88 0.65 0.7 0.8 0.9 1.0 1.1 1.2 1.2 1.4 1.4 1.5 1.6 1.7 1.8 1.9 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.1 3.2 3.3 3.4 3.5 3 
89 0.64 
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91 0.62 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.6 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.4 2.4. 2.5 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.3 3.3 3, 
92 0.61 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.0 1.8 1.9 2.0 2.1 2.2 2.3 2.3 2.4 2,5 2.6 2.7 2.7 2.6 2.9 3.0 3.1 3.2 3.2 3.3 3. 
93 0.60 0.7 0.8 0.8 0.9 1.0 l.l 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.7 1.8 1.9 2.0 2.1 2.1 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.3 3. 
94 0.60 0.7 0.6 0.8 0.9 1.0 l.l 1.2 1.2 1.3 1.4 1.5 1.6 1.6 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 2.8 2.9 3.0 3.1 3.1 3.2 3. 
95 0.59 0.7 0.7 o.a 0.9 1.0 l.l l.l 1.2 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.0 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3. 
96 o.sa 0.7 0.7 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.8 1.9 2.0 2.1 2.2 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.Q 2.9 3.0 3.1 3.2 3. 
97 0.57 0.7 0.7 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.7 1,8 1.9 2.0 2,0 2.1 2.2 2.3 2.3 2.4 2,5 2.6 2.6 2.7 2.8 2.9 3.0 3.0 3.1 3. 
98 0.57 0.6 0.7 0.8 0.9 0.9 1.0 l.l 1.2 1.3 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.8 1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 '2.8 2.8 2,9 3.0 3. 
99 0.56 0.6 0.7 0.8 0.9 0,9 1.0 l.l 1.2 I-.2 1.3 1.4 1.5 1.6 1.6 1.7 ..8 1.9 1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.5 2.6 2,7 '2.7 2.8 2.9 3.0 3.0 3. 
0.56 0.6 0.7 0.8 0.9 0.9 1.0 l.t l.l 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.7 1.8, 1.9 2.0 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 2.8 2.9 2.9 3.0 3. 
•Figures in this column represent the volume of carbon dioxide gas (reduced to 0" and 760 mm.) dis­
solved by one volume of water at tha temperatures indicated, if the partial pressure of the carbon dioxide gas 
i« 760 mm.Hy. Solubility dau correspond to Bohr and Bock published in Londolt-Borastein "Physikalische-
Chemische Tabellcn." The fig 
pressures based on the Boyle Mi 
I'lg. 2.- Gm Volume Chart 

VOLUME TEST CHART—(Showing Volumes of CO" Dissolved by One Volume of Water) 
GAUGE PRESSURES IN BOTTLE POUNDS PER SQUARE INCHES 
e 3d 40 42 44 46 48 50 52 •54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 S4 86 88 90 92 94 96 98 100 
.8 6.1 6.3 6.5 6.7 7.0 7.2 7.4 7.7 7.9 8.2 8.4 8.6 8.8 9.0 9.3 9.5 9.7 10.0 10.2 10.4 10.7 10.9 11.2 11.5 n.7 12.0 12.2 12.4 12.7 12.9 13.2 13.4 32* 
.7 5.9 6.2 6.4 6.6 6.8 7.1 7.3 7.5 7.8 8.0 8.2 8.4 8.6 8.9 9.1 9.3 9.5 9.8 10.0 10.2 10.4 10.7 II.O 11.3 11.5 11.7 11.9 12.2 12.4 12.6 12.9 13.1 33 
.6 5.8 6.0 6.2 6.5 6.7 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.7 8.9 9.1 9.3 9.6 9.8 10.0 10.2 10.5 10.8 11.0 11.2 il.5 11.7 11.9 12.2 12.4 12.6 12.8 34 
.5 $.7 5.9 6.) 6.3 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.3 8.5 8.7 8.9 9.2 9.4 9.6 9.8 10.0 10.3 10.6 10.8 11.0 11.3 11.5 11.7 11.9 12.1 12.3 12.5 35 
.4 5.6 5.8 6.0 6.2 6.4 6.6 6.9 7.1 7.3 7.5 7.7 7.9 8.1 8.3 8.6 8.8 9.0 9.2 9.4 9.6 9.8 to.o 10.4 10.6 10.8 11.0 11.2 11.4 11.7 11.9 12.1 12.3 36 
.3 5.5 5.7 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.6 9.8 10.1 10.3 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 37 
.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.6 9.9 10.1 10.3 10.5 10.7 10.9 11.1 11.4 11.6 11.8 38 
5.3 5.4 5.7 5.9 6.1 6.2 6.4 6.6 6.8 7,0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.7 9.9 10.1 10.3 10.5 10.7 10.9 11.1 11.3 11.5 39 
1.9 5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 7.9 8.1 8.3 8.5 8.7 8.8 9.U 9.2 9.5 9.7 9.9 10.1 10.3 10.5 (0.7 10.9 11.1 11.3 40" 
i.8 5.0 5.2 5.4 5.6 5.S 6.0 6.2 6.4 6.6 6.8 7.0 7.1 7.3 7.5 7.7 7.9 8.1 8.3 8.5 8.7 8.9 9.1 9.4 9.6 9.8 10.0 10.2 10.3 tO.5 10.7 10.9 I t . t  41 
\.7 4.9 5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.3 8,5 8.7 8.9 9.2 9.4 9.6 9 8 10.0 10.1 10.3 10.5 10.7 10.9 42 
1.7 4.8 5.0 5.2 5.4 5.6 5.0 6.0 6.1 6.3 6.5 6.7 6.9 7.0 7.2 7.4 7.6- 7.8 8.0 8.2 8.3 8.5 8.7 9.0 9,2 •9.4 9.6 9.8 10.0 10.2 10.4 10.6 10.7 43 
1.6 4.6 5.0 5.1 5.3 5.5 5.7 5.9 6.0 6.2 6.4 6.6 6.7 6.9 7.1 7.3 7.5 7.6 7.8 8.0 8.2 8.4 8.6 8.8 O.l 9.3 9.5 9.6 9.8 10.0 10.2 tO.3 10.5 44 
1.5 4.7 4.8 5.0 5.2 5.4 5.6 5.7 5.9 6.1 6.2 6.4 6.6 6.3 6.9 7.1 7.3 7.5 7.7 7.8 8.0 8.2 8.4 8.7 8.9 9.0 9.3 9.4 9.6 9.8 10.0 IO,t 10,3 45 
1.4 4.6 4.7 4.9 5.1 5.3 5.4 5.6 5.8 6.0 6.1 6.3 6.4 6.6 6.8 7.0 7.2 7.4 7.5 7.7 7.9 8.0 8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.6 9.7 9.9 10.1 46 
1.3 4.5 4.6 4.8 5.0 5.2 5.3 5.5 5.7 5.9 6.0 6.2 6.3 6.5 6.7 6.9 7.0 7.2 7.4 7.6 7.7 7.9 8.0 8.3 8.5 8.7 8.9 9.0 9.2 9.4 9.5 9.7 9.9 47 
1.2 4.4 4.6 4.7 4.9 5.1 5.2 5.4 5.6 5.7 5.9 6.1 6.2 6.4 6.6 6.8 6.9 7.1 7.2 7.4 7.6 7.7 7.9 8.1 8.3 8.5 8.7 8.8 9.0 9.2 9.3 9.5 9.7 48 
4.1 4.3 4.5 4.6 4.8 5.0 5.1 5.3 5.5 5.6 5.8 6.0 6.1 6.3 6.4 6.6 6.8 6.9 7.1 7.2 7.4 7.6 7.8 8.0 8.2 8.3 8.5 8.7 8.9 9.0 9.2 9.3 9.5 49 
4.0 4.2 4.4 4.5 4.7 4.9 5.0 5.2 5.4 5.5 5.7 5.9 6.0 6.2 6.3 0.5 6.6 6.8 7.0 7.1 7.3 7.4 7.6 7.9 8.0 8.2 8.4 8.5 8.7 8.9 9.0 9.2 9.3 50-
4.0 4.2 4.3 4.5 4.6 4.8 5.0 5.1 5.3 5.4 5.6 5.7 5.9 6.1 6.2 6.4 6.5 6.7 6.8 7.0 7.2 7.3 7.5 7.7 7.9 8.0 8.2 8.4 6.5 8.7 8.8 9.0 9.2 51 
3.9 4.1 4.2 4.4 4.5 4.7 4.9 5.0 5.2 5.3 5.5 5.6 5.8 5.9 6.1 6.3 6.4 6.6 6.7 6.9 7.0 7.2 7.3 7.6 7.8 7.9 8.1 8.2 8.4 8.5 8.7 8.9 9.0 52 
3.8 4.0 4.2 4.3 4.4 4.6 4.8 4.9 5.1 5.2 5.4 5.5 5.7 5.9 6.0 6.1 6.3 6.4 6.6 6.7 6.9 7.0 7.2 7.4 7.6 7.8 7.9 8.1 8.2 8.4- 8.5 8.7 8.9 53 
3.8 3.9 4.1 4.2 4.4 4.5 4.7 4.8 5.0 5.2 5.3 5.4 5.6 5.7 5.9 6.0 6.2 6.3 6.5 6.6 6.8 6.9 7.1 7.3 7.5 7.6 7.8 8.0 8.1 8.3 8.4 8.6 8.7 54 
3.7 3.9 4.0 4.1 4.3 4.4 4.6 4.7 4.9 5.1 5.2 5.3 5.5 5.6 5.8 5.9 6.1 6.2 6.3 6.5 6.6 6.8 6.9 7.2 7.4 7.5 7.7 7.8 8.0 8.1 8.3 8.4 8.6 65 
3.7 3.8 3 9 4.1 4.2 4.4 4.5 4.7 4.8 5.0 5.1 5.2 5.4 5.5 5.7 5.8 6.0 6.1 6.2 6.4 6.5 6.7 6.8 7.0 7.2 7.4 7.5 7.7 7.8 8.0 8.1 8.3 8.4 56 
3.6 3.7 3.9 4.0 4.1 4.3 4.4 4.6 4.7 4.9 5.0 5.2 5.3 5.4 5.6 5.7 5.9 6.0 6.1 6.3 6.4 6.6 6.7 6.9 7.1 7.2 7.4 7.5 7.7 7.8 0.0 6.1 8.3 67 
3.$ 3.7 3.8 3.9 4.1 4.2 4.4 4.5 4.C 4.7 4.9 5.1 5.2 5.3 5.5 5.6 5.8 5.9 6.0 6.2 6.3 6.4 6.G 6.8 7.0 7.1 7.3 7.4 7.5 7.7 7.8 8.0 8.1 58 
3.5 3.6 3.7 3.9 4.0 4.2 4.3 4.4 4.6 4.7 4.8 5.0 5.1 5.3 5.4 5.5 5.7 5.8 5.9 6.1 6.2 6.3 6.5 6.7 6.8 7.0 7.1 7.3 7.4 7.5 7.7 7.8 8.0 59 
3.4 3.5 3.7 3.8 3.9 4.1 4.2 4.3 4.5 4.6 4.7 4.9 5.0 5.2 5.3 5.4 5.5 5.7 5.6 6.0 6.1 6.2 6.3 6.6 fi.7 6.8 7.0 7.1 7.2 7.4 7.5 7.7 7.8 60-
3.3 3.5 3.6 3.7 3.9 4.0 4.1 4.3 4.4 4.5 4.7 4.8 4.9 5.1 5.2 5.3 5.5 5.6 5.7 5.9 6.0 6.1 6.2 6.4 6.6 6.7 6.9 7.0 7.1 7.3 7.4 7.6 7.7. 61 
3.3 3.4 3.6 3.7 3.8 4.0 4.1 4.2 4.3 4.4 4.6 4.7 4.8 5.0 5.t 5.3 5.4 5.5 5.6 5.8 5.9 6.0 6.1 6.3 6.5 6.6 6.8 6.9 7.0 7.2 7.3 7.4 7.5 62 
3.2 3.4 3.5 3.6 3.8 3.9 4.0 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.0 5.2 5.3 5.4 5.5 5.7 5.8 5.9 6.1 6.2 6.4 6.5 6.7 6.8 6.9 7.0 7.2 7.3 7.4 63 
3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.1 4J! 4.3 4.4 4.6 4.7 4.8 4.9 5.1 5.2 5.3 5.4 5.5 5.7 5.8 6.0 6.t 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.2 7.3 64 
3.1 3.3 3.4 3.5 3.6 3.8 3.9 4.0 4.1 4.2 4.4 4.5 4.8 4.7 4.8 5.0 5.1 5.2 5.4 5.5 5.6 5.7 5.9 6.0 6.2 6.3 6.4 6.5 6.7 6.8 6.9 7.0 7.2 65 
3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.1 4,2 4.3 4.4 4.5 4.7 4.8 4.9 5.0 5.2 5.3 5.4 5.5 5.6 5.B 5.9 6.1 6.2 6.3 6.4 6.5 6.7 6.8 6.9 7.0 66 
3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 4.0 4.1 4.2 4.3 4.4 4.6 4.7 4.8 4.9 5.1 5.2 5.3 5.4 5.5 5.7 5.8 6.0 6.1 6.2 6.3 6.5 8.6 6.7 6.8 6.9 67 
3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.0 4.2 •4.3 4.4 4.5 4.6 4.7 4,8 5.0 5.1 5.2 5.3 5.4 5.6 5.7 5.9 6.0 6.1 6.2 6.4 6.5 6.6 6.7 6.8 68 
2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.7 4.8 4.9 5.0 5.1 5.3 5.4 5.5 5.7 5.8 5.9 6.0 6.1 6.3 6.4 6.5 6.6 6.7 69 
2.9 3.0 3.( 3.2 3.3 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.5 4.6 4.7 4.8 4.9 5.1 5.2 5.3 5.4 5.6 5.7 5.8 6.0 6.1 6.2 6.3 6.4 6.5 6.6 70-
2.8 2.9 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.9 5.0 5.1 5.2 5.3 5.5 5.6 5.7 4.9 6.0 6.1 6.2 6.3 6.4 6.5 71 
2.8 2.9 3.0 3.1 3.2 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.( 4.2 4.3 4.4 4.6 4.7 4.3 4.9 5.0 5.1 5.2 5.4 5.5 5.6 5.8 5.9 6.0 6.1 6,2 6.3 6.4 72 
2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.3 5.4 5.5 5.7 5.8 5.9 6.0 6.1 6.2 6.3 73 
2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.5 3.6 J^.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6.0 6.1 74 
2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 6.6 5.7 5.8 5.9 6.0 75 
2.6 2.7 2.8 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.( 4.2 4.3 4.4 4.5 4.6 4.7 4.6 4.9 5.0 5.2 5.3 5.4 5.5 5.6 5.7 5.3 5.9 6.0 76 
2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 77 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 6.7 5.8 78 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 79 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.S •4.6 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 80* 
2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.U 3.9 4.0 4.1 4.2 4.3 4.3 4.4 4.5 4.7 4.8 4.9 '5.1 5.2 5.3 5.3 5.4 5.9 5.6 81 
2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.S 4.6 4.7 4.8 4.9 5.1 5.2 5.2 5.3 5.4 5.5 82 
2.4 2.5 2.6 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 83 
2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 84 
2.3 2.4 2.5 2.6 2.7 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.G 4.7 4.8 4.9 5.0 5.1 5.2 5.3 85 
2.3 2.4. 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.6 3.7 3.0 3.9 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 86 
2.2*1 2.3 2.4 2.5 2.6 2.7 2.8 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5.1 87 
2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.5 4-.6 4.7 4.R 4.9 50 88 
2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 3.9 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.5 4.6 4.7 4.8 4.9 89 
2.1 2.2 i.5 u 2.5 2.6 2.7 2.7 2.8 i.d 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.6 • 3.7 3.7 3.8 3.9 4.0 4.1 4.2 4.1 4.4 4.5 4.5 4.6 4.7 4.8 4.9 90 
2.1 2.2 2.3 2.4 2.4, 2.5 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.3 3.3 3.4 3.5 3.6 3.7 3 8 3.!l 3.9 4.0 4.i 4.2 4.3 4.4 4.4 4.5 4.6 4.7 4.8 91 
2.t 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.7 2.8 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.5 4.6 4.7 4.8 92 
2.1 2.i 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.3 2.9 2.9 3.0 3.1 3.2 3.3 3.4 3,5 3.5 3,6 3.7 3.8 3.8 4.0 4.1 4.1 4.2 4.4 4.4 4.4 4.6 4.7 4.7 93 
2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 2.0 2.9 3.0 3.1 3.1 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4.0 4.1 4 2 4.3 4.4 4.4 4.5 4.6 4.7 94 
2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.3 3.4 3.4 3.5 3.6 3.7 3,8 3.9 4.0 4.1 4,2 4.3 4.3 4.4 4.5 4.6 4.6 95 
2.0 2.1 2.2 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.8 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.4 4.5 4.6 96 
2.0 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 2.3 2.9 3.0 3.0 3.1 3.2 3.3 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.0 4.1 4.2 4.3 4.4 4.4 4.5 93 
1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 '2.8 2.8 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 3.9 4.0 4.0 4.1 4.2 4.3 4.3 4.4 9C 
1.9 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.5 2.6 2.7 •2.7 2.8 2.9 3.0 3.0 3.1 3.2 3.3 3.4 3.4 3.5 3.S 3.7 3.7 3.8 3.9 4.0 4.1 4.2 4.2 4.3 4.4 9S 
1.9 2.0 2.0 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.6 2.7 2.8 2.9 2.9 3.0 3.1 3.2 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 3.9 3.9 4.0 4.1 4.2 4.2 4.3 10( 
I (reduced to 0  ^ and 760 mm.) dts* Chemische Tabelleti." The figures in the bbdy of the table were calculated £or various temperatures and 
si pressure of the carbon dioxide gas pressures, based on the Boyle Mariotte law for isothermal compression. 
1 In Landolt'Bomstein ^*Physikalische* 
art 
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temperature the indicated volume In a given bottle tended to drop several 
tenths when interpreted by the original chart (16). Consequently, he brou^t 
out his modified charts (15) shown in Figures 3 and 4 (19SS}. In these, all 
gas volumes are referred to the 60^ Fahrenheit reading as a base, thereby 
distributing the variation and preventing the former large accumulation at 
high temperature. 
The recognized procedure for determining the gas volume content of 
a product has been stated by Toulouse and Levine (41). This test is shown 
in Figure 5. Note that the closure of the bottle is pierced by a hollow 
needle connected to a pressure gage, indicating the pressure existing at the 
temperature of observation. Particular attention is called to the prelim­
inary venting of the gas in the top or buffer space of the bottle, to elim­
inate foreign gases, substantially air, which, because of lower solubility, 
accumulates in this space. 
Toulouse (40) has considered the matter of air and concludes that, 
although there might be some carbon dioxide loss in this first venting, the 
final pressure reading so obtained more nearly approaches the actual pressure 
of the carbon dioxide in solution. 
The amount of air present is determined by the type of filling 
machinery used to place the carbonated water into the bottle. There are two 
broad classifications of these machines, namely, high and low pressure. The 
high pressure system employs carbonated water of any reasonable tenperature 
up to 80° Fahreisheit satiu>ated with carbon dioxide at a correspondingly high 
pressure, and coincidently fills and seals the bottle; that is, it does not 
release pressure In the filling chaniber or bottle until the hermetically 
-14-
TABLE OF TEMPERATURES AND PRESSURES FOR CALCl 
^ POyNMjGXUGEJ 
< 7 ft 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 40 ! 41 , 42 43 j 44 ! 43 j 46 { 47 I 48 
40* 2.00 2.10 121 2J0 2.41 2.19 2.:i9 2.70 2..H0 2.90 3.00 3.09 3i'0 XIO 3J10 3..'.9 X6S 3.79 3.90 3.99 4.011 4.19 4.28 4J9 4.50  ^ ! 
41 2.05 2.15 2.25 2.35 3.11 2.61 2.71 2.81 l!.92 X03 3.13 3.21 3JI Xtl 3.53 3.63 3.72 3.83 3.93 4.03 4.10 4.21 4J0 4.41 441 
42 2.01 2.11 2.21 2.31 2.13 2.51 2.60 2.70 2>0 2.91 3.01 Xlt 3.19 129 3.19 3.l!l 3.'>9 3.6.<( .X77 3Jt8 3.9» 4.05 4.16 4.25 4.3S 446 4.S6 
43 2.00 2.09 2.18 2.28 2.13 2.56 2.66 2.76 2.!i6 2.9:i X03 3.13 3Jt 3.33 3.13 3.52 X61 .X70 3.79 X90 4.00 4.08 4.18 4.27 4J17 447 4.S8 
44 2.06 2.15 2J!6 2JI6 2.16 2.51 2.63 2.73 2.H2 2.92 XOI 3.10 3.2U .X29 3.39 3.1S 3«'>6 3.66 3.75 3.85 3.95 4.04 4.13 4.22 4Jt 441 4.51 4.62 
45 2.03 2.12 2.22 2.31 2.41 2.50 2.59 2.6S 2.77 2.S7 2.95 3.01 3.13 .T23 3.32 X4 t 3.19 3.59 167 3.n 3.86 3.96 4.05 4.15 4.26 4J6 442 4Ji2 4.62 
46* 2.0S 117 127 136 116 151 2.81 171 1>0 2.90 19S 3.06 3.16 .t.25 3«3I XI3 3.60 3.70 3.79 3J18 X98 4.07 4.15 4.24 4J2 443 4.52 4.61 
47 103 in 119 130 139 119 156 161 171 2.'t3 19.1 .XOl 3.10 .US 3.27 3J6 3.45 3.53 162 3.70 3.79 3.88 3.97 4.06 4.13 4.24 4J2 441 4.51 4.60 
48 109 117 127 1.16 116 l.*.l 160 170 179 J>S 196 .T05 3.15 3.21 3Jl 3.11 3.19 138 3.66 3.75 3.85 3.92 4.01 4.10 4.19 4.27 4J6 445 4.51 4.63 
49 105 113 2.21 2J1 110 119 157 161 2.73 191 2.99 3.0S 3.16 3.25 3U13 3.42 3.S0 3.58 3.67 3.75 3Ji4 3.92 4.01 4.09 4.19 4.26 4.34 443 4.53 4.62 
30 , 109 117 127 2.35 111 153 160 169 ITS 2>6 195 3.02 3.11 3.19 3.28 3J16 3.15 3.51 3.62 X70 X78 3.87 3.96 4.01 4.12 4.21 4.28 4.36 445 4.54 4.63 
Sr 107 115 2.25 2J2 111 150 15S 165 173 2.H3 192 3.00 3.0S 3.15 3.24 3J2 X40 3.49 3.57 3.66 3.74 3.82 3.90 3.99 4.07 4.15 4.24 4Jt 44 0 4 4 8 4.57 4JI6 
• 
52 112 120 24!9 2.3?* 117 151 161 2.70 177 1S6 2.95 .102 3.11 3.18 3.26 3J1 3.13 3.50 3.59 3.68 3.75 3.83 3.92 4.00 4.08 4.16 4J5 443 442 449 448 4.67 
.53 lOS 116 125 24;i 111 2.50 2.5<« 2.65 171 2>3 2.92 199 3.07 3.11 343 340 348 3.16 345 X62 171 3.79 347 3.95 4.03 4.11 440 447 444 443 440 449 4.67 
31 106 111 121 131 249 IIS 155 16:t 1T<» 17S 2J<7 195 3.03 3.10 3.17 346 343 3rll 3.49 3.57 3.66 3.73 341 349 3.96 4.05 4.12 4 4 2 449 4 4 6 4.15 443 4.61 4.69 
55 2.h i:i» 129 13X 115 151 IGI 169 177 2>6 191 3.02 3.09 3.16 345 3 4 2 349 3.18 3.56 3.63 3.72 3.79 3.86 3.91 4.02 4.10 4.17 4 4 7 4 4 5 4.13 4.50 4 4 9 4.67 4.75 
56' 110 117 126 2-11 111 i:.0 157 16:1 2.71 17S 2.HS 2.96 3.03 3.10 3.18 347 341 341 X19 346 3.66 3.74 341 349 3.96 4.05 4.12 4.19 4 4 7 444 443 440 4 4 8 4.66 4.73 
.57 113 120 2.:ii) lis 115 2.51 2.60 167 2.75 Isl 191 3.00 3.07 3.15 34 1 349 346 3.43 3 40 XS9 X66 3.71 341 3Ji9 347 4.05 4.12 4.19 449 446 444 441 449 4.67 4.71 
.58 1U9 116 123 133 111 150 156 163 170 2.77 l!«6 191 3.01 3.08 3.16 3.23 3.31 348 346 343 3.62 3.70 3.77 341 3.91 3.98 4.06 4.13 440 440 4 4 7 4 4 5 4 4 2 4.60 4.61 
59 1)1 121 131 247 115 153 160 166 2.73 l!iO 2.89 197 3.01 3.10 3.18 34 6 343 340 3.15 344 3.62 3.70 3.77 343 3.91 3.98 4.06 4.13 4.19 4 4 9 446 4.43 441 441 
60 ItU 117 12'i 133 111 117 155 162 168 176 181 191 199 3.05 3.13 340 128 344 3.41 3.19 3.53 3.61 3.72 3.78 4 4 5 3.93 3.99 447 4.11 440 440 447 443 441 
61- 113 12(1 130 2„1f; 115 150 157 161 171 177 247 193 101 3.07 3.14 343 340 347 3.11 341 347 3.66 3.73 340 346 341 4.00 4.D8 4.14 441 441 447 44! 
•2 112 119 129 135 112 119 i:i6 163 169 176 185 192 199 3.05 3.12 3.19 347 343 3.12 3.49 341 3.62 3.69 3.76 343 349 3.96 441 4.11 4.17 4 4 6 4 4 3 44l 
63 115 241 240 136 111 151 15K 161 170 178 245 193 101 3.07 3.13 341 349 345 3.42 349 3.51 3.61 3.70 3.77 344 3.90 346 44S'4.11 4.17 445 44  ^
U 117 121 133 1.19 116 2.53 160 166 171 240 189 196 3.02 3.08 3.14 3.22 349 345 3.41 347 3 4 5 3.63 3.69 3.76 346 3.90 3.95 4.04 4.10 4.16 44; 
65 116 12:1 132 24S 115 1.52 248 161 2.70 2.78 2 47 193 3.00 3.06 3.12 3.19 3.27 341 3.10 116 343 349 3.67 3.71 341 347 3.94 4.00 4.07 443 44: 
66* lis 24 1 245 110 116 153 249 165 173 179 188 191 3.01 3.07 3.13 340 346 34 1 349 3.15 342 348 3.66 3.73 3.79 3.85 3.91 3.98 4 4 5 4.11 
67 117 2.23 1.T1 249 115 151 248 161 170 2.77 243 192 2.99 3.05 3.11 3.17 341 342 348 3.13 3.19 3.56 3.61 3.70 3.77 343 349 3.96 4 4 2 4.11 
68 120 126 2 46 113 119 156 162 167 175 181 190 196 3.03 3.09 3.15 342 347 341 3.10 3.16 343 349 348 3.73 340 347 3.93 441 4.0: 
69 117 2.23 2..13 139 116 151 158 161 170 177 182 191 196 3.03 3.09 3.15 341 347 3 4 5 34 1 3.16 3.53 349 3.67 3.72 3.79 3 4 5 3.90 3.9: 
70 121 247 136 113 119 155 161 167 172 240 249 191 3.01 3.07 3.12 3.18 345 341 347 343 348 345 3.61 3.69 3.76 341 347 3.9  ^
71* 119 241 131 110 146 152 158 161 169 177 183 192 198 3.01 3.10 3.16 343 348 345 3.41 3.47 343 349 3.67 3.73 340 345 3.91 
72 123 12.S 13S 111 150 156 162 167 173 181 189 195 3.01 3.07 3.12 3.18 344 340 347 3.13 3.18 345 3.60 3.70 3.7S 342 S4: 
73 119 121 24 1 249 245 151 157 163 168 173 180 185 190 3.01 3.06 3.12 347 3.24 349 347 113 348 345 3.60 3.68 3.73 S.7I 
74 119 126 245 140 146 241 158 163 168 171 181 189 195 101 106 112 117 343 348 346 3.11 146 342 348 163 3.71 
75 2.23 248 136 1-12 119 154 160 165 170 177 241 193 198 lOt 110 115 340 346 341 349 141 149 345 160 16! 
76- 121 127 131 111 117 152 158 163 168 173 241 187 195 101 106 111 116 341 128 341 140 145 340 346 16; 
77 241 241 249 141 240 155 161 166 171 176 241 193 199 105 110 117 120 346 341 337 143 148 343 34! 
78 121 128 246 111 147 242 158 163 168 173 179 2 46 195 100 106 111 116 341 347 342 348 145 340 341 
79 Un<KCTION.S 245 240 248 241 240 155 161 166 172 177 245 192 247 103 107 114 118 344 349 346 141 147 l&l 
80 2.21 249 2 47 141 147 241 248 163 169 173 179 246 193 198 105 110 IIS 340 125 340-S '^142 341 
Thin t«bl^  to b« In hotlle* filkd on hlch pff'i.'airr flllrr, by hkiw. - i "• ; • ; » • 
ing off Inp prrik^urr (0 urn on cauer and «halilnK. 247 245 249 141 150 245 161 165 171 176 242 188 244 199^105 110 346 341 127^1» W 
82 Thew nho* Ihe volumrw Milh liquid in Uitlle at 60' F«hrrnhHU 240 247 142 248 243 248 163 169 174 240 246 193 247 103 107 112 118 124 'l29 133'341 
M "•* "2 «•« "I "5 «•" SaO J.W '««.'«•-JJO 'U! 
M 2J0 2.44 2.49 2,M 2.60 2.64 2.69 2.74 2.78 2J1 2.98 S.02 3.08 M2 MB >42 3J8 34! 
8S ' 242 2.40 2.45 2J1 iM 2.61 2.«S 2.70 2.7S 2.79 24S.2.94 U9 3.04 3.09 3.14 340 344 341 
86* . 249 247 2.42 2.47 241 246 2.62 2.67 2.71 2.75 242 2.90 2.M 3.01 3.07 3.11 3.17 341.341 
87 U2 2.40 245 240 249 249 2.6S 2.69 2.73 2.78 244 241 2.97 SJIl'348 ;«.U US M 
U 244 3.41 2.47 242 2.66 241 246 3.70 3.74 M9 US 242 199 3.03 3 )^9 1.13 341 
89; '242 .240 244 2.48 244 248 2.63 248 2.72 ZTI 241 247 196 3.00 3.04 .341 3JI 
 ^ • '• -• 
9«; 248 242 247 242 IH 241 16* 2.70 178 2.79 24S 349 3.17 IM 341 IJI 
- • ' ' ' '® " " " " " " '» " 20 21 22 23 24 2.'i 26 27 28 29 30 31 32 M 34' 35 ' 36 37 38 39 «] 41 ! 42 r 43 ! 44 ; 4S; 48 ; 47j^ 4( 
Pig. 3.- Modified Gas Volume Chart 
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ING VOLUMES OF CARBONIC ACID GAS AT 60° FAHR. 
HEsiNBornE,' V 
i H ) u ! u! M ui M I i?' ss ! SI ^ M j It j ui u; M ; IS i M < n . u ; M i 70 > 11 ' n n ! 741 n ' T( ' n n 71 m si :«i u m is S4 17 is 11 w ti 12 
..-r. -I— -".j ..•* f . , 
i . . .  . J .  i . .  i .  .  ;  .  .  i  i  
J -i > J :] : i I '• - ! f ^ ' , • « 
j-. •• i 'V":| • ' ""i.'T' ••• 'V ;• 1 r;; ' ^ „ 
i , " • •• 43 
i ' EXPLANATION •" 
- Tht gaa TolnMt te tb« MM bottk «f mboMtH bmragt fr^aalljr w tlM teapmtar* «f the 
^ KqiM riiM, bNatM • part of Uio tan wUek !• !• tlw Rqeld paawioet of tho l^aid lato tlw gaa (Hn aborc 
Uio ta ibo MUM Idoatlcal botUo Uo TohuMs lit 40* win W tiro>tratks to thrt«>UiiUu of a ToliMC 
kJfkor ikaa at 30% 
^ ' nr tlM'i^oW mlfomitf ail voIum tcata alioold Htkor bo Bttdo at a flifd tcMpmtorc or cakiUalfd 
. to a Ix^ tMipentnrv. By wo of lh« Bxam In thin taUo the (est MMjr be ma at anr lenpenittire bat tb« 
itadinir witi be the fohoiie* at SO*. 
1 4.80 
4 4.02 4.lf 4.T0 433 
46* 
; Thm Iftireo are to be wed in l««tinf bottler ItM en a high prtwnirc ilfler and which are feitted bjr ^ 
. I^init off the top prtanire before Ahaklnx. Tiieoe lipira are correet for bo(tle« llted on either hiih or low 
pitwmre ftdern aid where the top prtiwure h blown off before iJuIiIrx. For thene red Bcureii allewance 
hm boea wuit for tho te Ifl toIum frani htowlaff off the toy piinaun before tcoliiv. 
Thia taUo la calevlited for a acres owiec botUe BDed within two Inehe* of the top. 
5«* 
57 
58 
59 
S 4.71 4JI ' •" 
> 444 4.73 tSO «• 
c: 
4 4.S3 4.40 U7 4.74 4J1 4JS  ^
9 4.4S 4J1 4.40 444 4.73 4.7> 444 " 
4 4.41 441 445 4.41 4.47 4.74 .442 448 
5 443 440 444 442 44> 4.44 4.73 4.79 4 4 4 4.12 **' 
1 441 447 443 449 444 4.43 4.49 4.74 442 449  ^ " 
8 443 443 449 4.45 442 448 4.41 4.70 4.77 443 4.90 
0 4.15 443 441 44 7 4.43 4.49 4.54 4.43 4.48 4.75 441 44 7 4.93 
4 ,U3 4.19 444 444 4.40 444 443 449 4.4J 4.71 4.78 4 4 3 4.90 4.97 
3 4.10 4.1S U1 441 444 442 448 445 440 4.47 4.73 4.79 445 441 4.98 
0 4.0* 4.12 4.18 443 443 448 444 440 447 4.43 4.49 4.74 441 447 443 4.99  ^
2 347 444 4.10 4J4 441 440 4.M 441 447 443'44t 4.45 4.71'4.78 443 449 4.95 5.01 73 
3'348 :3.»4 4.01 4.04 U2 U7 444 440'448 .444 ;440 4  ^440 4.48 4.73 4.79 444 4.91 4M 5.02 i 74 
0 345 3.90 3.97 4.03.4.08 4.14 440 447 ,444'440i4.45'44O;448 4.43 M9 4.74 440 444 4.92 4.97,5.03 75 
1,342 347 .3.92 348 444 4.09 4.14 421 :444'444;440 445 440 443 449 :4.44 4.70 4.75 441 444 442 4.97 74' 
2 3.77 343,341:3.94 4.01 4.04 4.12 4.17 442 449 ;447 |442 4.47 442 448^4.43 449 4.74 440 445.4.91 444 5.03 MO 77 
9 3.75 341 344 3.91 34«'4.02 447 4.13'448|443'440 448;443,448;443'U1 4.44 4.72 4.771443:448 i54 449 545 5J0: 7S 
3 3.70 3.75 141 344 34r3.M 443 448 4JS 440 444 ;441;447 442 ^449 !444 442 U7 4.72 4.77 443 448 4.94 540 545 S.I1 79 
Sjt43 3.70;f7S^Ui;3M^M 3471445'440^4.17 U1 447^442449^:449 445.441 4.i4;4.72 4.77 443 Us 4.91 448 544 S.10 : 80 
Slui 344:3.71 1.77 I34i!348'3.9s 14*'4.04 4.11:4.171442 !447 442 I449I4441440 444 4.42 4.47 4.71 4.78 443 448 444 4.99 545 5.10 1 I -J.- -1 '.-'I -I -  1; .1. !• j . . . - j .  - , . - 1  . 1 . . . ;  
Il;34< S4i:34«;S.73fl:77;343^fU'l44 3.N.4.OTj4.U;4Jl^f23;44*i443 4.40.444'440 4451442^447 471 4.77 443 448 441 44*jS45 549 5.15, S2 
«'S43 147 341'1.47 S.7S'l40'145 141 1.M ;44t {448 iU2';4J8 441 448 :441 449 444 44S:4S1'441 4.44'4.72'4.77 443 447 442 448 543 5.09's45 , 83 
«.aA 9.ftS 5L7i SJit Jtia SLOI • >i M :-i M i «l 'i M i 9J i 4A . J «J 'J 11 JC 'i K1 'j KK 'J K« J rr 'J94 J 9S 'i fi< i B* i A1 'i M* R.A1 R.IA I 3 330 334 8.00 SJS MS 3.74 841 831 331197 4^.401.4.U:4J0.U4 430!444'441'44S;4J1|4U 431 4J7 4.73 4.78 ,433 439 434 4.n:^04 MO S44 M 
-  .  —  -  4 J 2  f t . T O  
i 
« 141 145 141 141 1.41 147 1.74 1.78 141 149 144:149 443 4.10 :4.1S 441'444 442'445:'441 441 441 444 441 iSS'4.71 4.78',443 447; U2 *449 5.03 ,5.09 U4 S 
< ,  |  .  J j  I  I .  f  J -  •» '  r  I  I  • ' . J . . . . ; .  
;0 344 141 144 lM_147;i.73 1.78 141 ^9 141.14*'4.03:441 4.15:441^^1 ^442'444 441'447'443 447 442 448 4.7114.78 :443_447 , 42:5.00 5.04 549 5.14 540 85 
' ' ' ' ' . . . . . .  - r x  .  _ _ _ _ _ _ _  j .. 
a .l47 141 147 144 148 344 148 3.74 1.71 141 14* : 144'440 4441441,445 ,442 444'443 ,4471441 447 441 444 441'4.44 4.73 14.77 441:448 4.93 44* .5.03 547 5.13 5.17 543 87 
" : " • ! > -i ! - f i ' 1 • > •^--.•-,-1 . j "f ' : •• • 
17 141 147 141 141 344 147 141 348 1.71 1.7* 141 '149 '143 14* <441 447 :4.14 4.19 441,440 444 U1 444 440 445 ;4.4« :444 '4.72 '4.71:441 444 4.91 447 541 S.04 5.11 5.14 541 88 I ; •  T  .  j . ^ . .  J , .  .  ,  , ,  _ .  .  
14 ,140 144 140 145 14* 345 149 145 1.70 1.74 4.7* 144 144 1.94 149 ;443 4.08'4.15 441:44l'440 444 Ul ,445 440 !44S >4.40 445 i.71:4.7S'441 44S 441 444 S.01 5.0J 5.10 SJS 5.19 541 8* 1 • •  -  I  i .  •r• i--' -•!- i - • i • - ,j ' Sr •-'.i • • 1" ' r.- f-- ' • 11 «• 1  ^*» MO  ^  ^1.74 :t7* SM 1.90>MjlM 44* ^4.15 lu* '445 44* 445 440J4S i4.4» iUJ !443;448 ^ 75 .440 445 441 445 449 5.01 5.08 5.11 5.11 543 647 M 
«[ 51 j Si'. ai:S4'j 55: M ; 57}  ^ j; sij^ -4flT sTf 41  ^*4 I 45 f U j W ; W | wj 70 j 71^1^1'73" [*741.75 |_74i77'l 7»'; W I W i «1 j wi mIjM [jj'i M : ^  ' »>. i "J. *' 
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TABLE OF TEMPERATURES AND PRESSURES FOR 
POUNi 
S 7 8 9 10 11 12 13 14 15 U 17 18 19 20 21 22 23 24 23 28 27 28 29 30 31 32 33 34 33 ; 38 37 38 39 40 41 42 43 44 
40* 1.96 2.08 2.18 2.25 133 2.42 152 2.82 2.71 2^1 2.91 2.99 3.09 3.19 3  ^ 3JM X48 X3S 3.85 3.73 3.84 3.93 4.03 4.12 4.22 442 ' ' - | -
3.00 2.10 2.21 2J0 2.41 2.49 2.S9 2.70 180 190 3.00 3.09 3.20 3J)0 3.10 .130 3.S9 3.88 3.79 3.90 3.99 4.08 4.19 4M 449'4  ^
41 101 111 120 129 139 143 154 l8t 173 183 193 3.02 3.12 341 341 3.40 149 158 188 177 187 191 4.04 4.13*443 442 ' 
105 lU 125 135 144 242 l€t 171 181 192 103 113 12t 341 144 343 183 172 343 193 4.03 4.10 441 440 441 U1 
42 1.99 109 IIH 247 138 14S 153 183 172 241 191 100 107 117 128 3 45 143 341 183 173 182 169 199 448 4.17 447 448 
2.04 114 124 244 143 151 180 2.70 180 2.91 101 111 119 349 349 148 159 188 177 188 198 4.05 4.18 4 4 5 4 4 5 448 448 
43 145 101 113 122 131 141 148 157 188 175 184 192 101 111 120 129 348 148 345 184 174 183 191 440 4.09 4.18 447 447 
100 109 118 128 248 249 158 184 178 188 195 103 113 344 343 143 1S2 341 170 179 190 4.00 4.08 4.18 447 447 447 448 
44 101 110 119 128 247 145 1.51 183 172 181 190 198 107 118 125 344 142 .151 180 189 178 3 47 194 4.03 4.12 441 44 0 449 
108 115 248 248 148 131 183 173 242 2.92 101 110 340 129 349 148 158 188 175 345 195 4.04 4.13 442 441 44t 441 4.82 
45 147 108 115 221 133 141 ItH 15t 166 175 243 192 100 109 118 346 341 144 341 161 169 178 187 195 4.08 4.15 441 44 0 449 
103 112 242 241 141 ISO 159 16H 177 187 195 104 113 343 342 141 149 159 167 177 188 196 4.05 4.15 448 448 442 442 U2 
48' 102 111 240 128 247 145 152 161 169 178 246 191 103 111 340 128 137 144 1.13 162 170 179 348 193 4.01 4.12 441 440 448 , 
2.08 117 127 246 146 151 161 171 180 190 198 106 116 3 4 5 3 44 143 153 160 170 179 348 198 4.07 4.19 444 442 443 442 461 
47 1.97 105 113 122 130 249 148 151 163 2.71 240 188 196 104 112 341 129 137 145 .153 162 170 178 347 194 4.03 4.11 4.19 448 446 
103 111 119 130 249 149 248 181 174 343 193 101 110 118 127 348 145 153 162 170 179 348 197 441 4.13 444 442 441 441 4.60 
4S 103 lit 119 127 248 111 240 249 167 175 183 192 101 109 116 125 133 141 148 157 166 173 341 190 197 4.03 4.14 442 440 448 
109 117 127 248 116 151 160 3.70 179 18H 246 105 115 344 341 141 149 348 166 175 185 192 441 4.10 4.19 447 446 4.45 444 4.63 
49 t.9A 106 111 122 130 248 146 153 241 169 177 185 193 101 109 117 345 343 141 149 157 165 173 181 349 197 4.01 4.12 441 449 4 47 
:;0) 113 121 131 140 2.49 157 161 173 342 241 199 3.08 116 125 343 142 150 158 167 175 184 192 4.01 4.09 4.19 446 444 443 443 U2 
50 103 110 118 246 131 142 2.49 247 165 173 181 248 2.96 101 112 120 348 136 144 341 159 347 175 343 191 198 4.05 4.13 441 449 447 
109 117 127 245 111 343 160 3.69 17K 246 195 102 111 119 348 346 345 344 162 170 178 187 IM 444 4.12 441 448 446 445 444 4.63 
51' 100 108 116 13.1 241 349 147 151 161 169 177 2 45 193 199 107 115 343 341 348 146 1&4 162 169 177 185 193 4.00 4 4 7 4.15 4 4 3 441 449 
107 115 125 242 111 150 158 165 173 183 192 100 108 115 124 342 140 149 347 346 174 182 190 199 4.07 4.15 444 441 4.40 4 4 8 4 4 7 4.61 
52 2.01 2.12 2.19 127 345 142 149 157 16t 172 180 187 245 102 109 117 125 342 340 348 345 163 171 178 186 194 4.01 4.09 4.17 444 442 440 
112 130 129 348 147 154 161 170 177 246 195 102 111 118 126 344 143 340 159 168 175 183 192 4.00 448 4.16 445 443 442 4.49 448 4.67 
53 2.00 108 115 12.1 340 248 146 24.1 161 168 176 24.1 19! 197 105 112 120 127 345 142 150 158 165 173 340 348 195 4.02 4.09 4.17 444 442 4 49 
108 116 125 133 141 340 158 165 174 183 192 199 107 114 343 340 348 146 345 162 171 179 187 195 4.03 4.11 44 0 4 4 7 4 4 4 443 440 449 4.67 
51 148 3.05 113 120 137 245 142 119 156 163 2.71 178 186 193 100 3.08 115 111 340 347 145 152 160 167 174 342 349 196 443 4.10 4.18 445 443 i 
1 0 6  1 1 4  3 4 1  3 4  1  3 4 9  1 4 8  1 5 5  3 . 6 3  1 7 0  1 7 8  2 4 7  1 9 5  3 . 0 3  1 1 0  1 1 7  1 2 6  3 4 3  1 4 1  1 4 9  3 4 7  1 6 6  1 7 3  1 8 1  1 8 9  1 9 6  4 4 5  4 . 1 2  4 4 2  4 4 9  4 4 6  4 4 5  4 4 3  4 4 1  4  
55 3.01 111 lis 136 343 141 118 155 16.1 170 177 185 192 198 106 113 120 128 135 142 150 3 47 184 171 178 186 193 4.00:4.08 4.15 442 4 40  ^
113 130 129 348 115 151 161 169 177 186 194 103 109 116 345 132 349 3.48 156 163 172 179 186 194 4.02 4.10 4.17 447 445 443 440 449 4 
.'•6* * 3.01 2.08 115 133 249 247 111 1.50 157 161 172 179 186 193 lOO 108 115 123 349 346 144 341 348 165 172 180 187 194 4.00 4.07 4.15 4 42  ^
110 117 126 343 141 150 157 3.63 2.71 178 188 196 103 110 118 127 134 141 34 9 346 346 174 341 349 196 4.05 4.12 4.19 447 444 4 4 3 440 4 
57 2.01 111 118 345 132 349 146 15.1 160 167 171 243 249 196 102 3.09 116 343 340 137 144 151 348 165 173 340 187..191 4.01 4.08 4.15 -I 
113 340 340 348 115 1.5.1 3.60 167 175 344 191 100 107 115 121 349 346 143 150 349 166 174 181 349 197 4.05 4.12 4.19 449 446 444 4 
58 100 107 111 131 138 346 112 149 1.55 163 169 176 343 190 197 101 111 118 125 342 139 .146 153 160 166 173 180 347 194 441 4.08 -I 
3.09 2.16 3.33 243 3.U 150 34 6 2.63 2.70 177 246 24 1 3.01 108 116 3 4 3 341 348 146 153 162 170 177 344 191 198 4.06 4.13 440 440 4 47 i 
59 3.01 111 118 134 131 24 8 2.45 151 247 161 171 178 185 191 198 105 112 119 125 132 349 146 343 349 166 173 340 347 193 4.00 i 
114 131 341 347 115 153 160 166 173 240 249 197 104 110 118 126 133 140 145 344 162 170 177 343 191 198 4.06 4.13 4.19 449 4 
40 3.00 107 113 130 137 343 140 147 153 160 166 173 180 246 2.93 100 107 113 120 127 133 140 147 153 160 167 173 180 347 193 4 
110 117 3 43 133 141 147 155 162 168 176 184 191 199 105 113 120 128 344 141 149 345 164 172 178 445 193 199 447 4.14 440 4 
Cr 103 109 116 133 139 3 45 143 148 155 161 168 174 241 187 191 102 108 115 121 128 344 141 147 344 160 167 173 180 186 3 
113 340 340 136 145 150 157 164 171 177 187 193 101 107 114 123 340 137 144 151 157 166 173 180 186 194 4.00 4 4 8 4.14 4 
62 101 108 115 121 137 244 140 147 1.53 160 166 173 179 185 192 198 103 111 120 126 341 347 144 150 157 163 169 176 183 S  
112 119 249 245 142 149 156 163 169 176 185 192 199 105 112 119 127 343 142 149 344 162 169 176 183 189 196 4.04 4.U 4 
63 2.01 110 116 122 24 9 2 45 143 118 151 161 167 173 2 4 0 246 192 199 106 112 119 345 131 348 144 150 157 163 169 176 3 
115 121 240 246 2.44 151 158 164 2.70 178 185 193 101 107 113 121 129 345 142 149 344 164 170 177 184 190 196 4.05 4 
64 106 112 118 24 1 240 247 143 149 246 162 169 175 181 187 193 100 106 112 118 344 131 137 143 149 346 163 169 i 
117 124 243 2 49 146 243 160 3.66 174 180 249 196 102 108 114 122 129 135 141 147 155 343 169 176 186 190 195 4 
65 2.01 111 117 243 249 345 141 117 1.53 160 166 172 178 184 190 196 lOl 110 116 122 348 341 140 146 153 159 165 .1 
116 343 132 248 145 2 4 2 348 2.61 170 178 187 193 100 106 112 119 347 134 140 146 343 159 167 174 181 187 194 4 
66' 2.06 112 118 124 240 246 142 118 155 161 167 173 179 185 191 197 103 109 115 121 127 133 349 145 151 347 3 
118 244 245 140 146 153 159 165 173 179 188 194 101 107 113 120 126 134 349 345 152 158.166 173 179 185 3 
67 2.05 lit 117 123 128 131 140 146 342 248 161 170 176 182 188 194 100 107'113 118 124 130 346 142^148 1S4 3 
117 123 243 249 145 241 158 164 170 177 183 192 199 105 111 117 124 342 138 143 149 3 46 164 170 177 183 3 
68 3.08 111 120 136 343 138 141 149 156 162 168 174 180 186 192 198 103 109 115 121 127 111 349 144 340 3 
240 346 346 143 149 156 162 167 175 181 190 196 103 109 115 342 347 134 140 146 153 349 168 173 180 3 
69 2.05 2.10 116 122 348 111 349 145 151 247 162 168 173 2.79 185 191 196 102 109 115 120 346 132 138 143 3 
117 343 243 139 146 151 158 164 170 177 242 191 2.96 103 109 115 121 127 135 141 146 153 159 167 172 3 
70 108 114 119 345 131 246 142 148 153 160 166 171 177 183 188 191 100 105 111 117 342 128 134 139 3 
241 24 7 246 143 149 155 161 167 2.72 240 189 194 101 107 112 118 125 131 137 143 148 155 161 169 1 
71* 3.06 111 117 122 128 241 249 145 150 247 163 168 174 179 185 191 196 102 108 114 120 125 131 136 3 
119 244/241 240 146 152 158 164 169 177 183 192 198 104 110 116 122 128 345 141 147 153 159 167 1 
72 109 114 130 125 341 246 142 147 153 160 165 171 176 182 187 193 198 104 110 116 121 347 343 3 
243 248 138 144 150 156 162 167 173 181 249 195 101 107 112 118 344 130 137 143 148 155 160 1 
73 105 110 116 121 126 242 2 47 143 148 153 249 164 170 175 180 246 191 197 102 109 115 120 126 1 
119 124 244 249 145 151 157 163 168 173 180 185 190 101 106 112 117 124 129 347 143 148 155 1 
74 2.05 110 116 131 246 131 137 142 147 243 249 165 170 175 240 186 191 196 ,101 108 113 118 1 
119 246 245 140 146 241 158 163 168 174 181 189 195 101 106 112 117 123 128 136 141 146 1 
75 lOS 113 118 123 249 244 2 49 144 149 2 45 162 167 172 177 1  ^188 193 198.103 110 115 1 
243 348 246 142 149 154 160 165 170 177 184 193 198 104 110 115 120 126 131 139 144 1 
76* 106 111 116 242 247 132 247 142 147 152 159 163 169 174 179 184 189 194 100 105 111 1 
121 127 241 141 147 152 158 163 168 173 181 187 193 101 106 111 116 121 128 344 140 1 
77 109 114 119 124 129 134 249 144 149 1S4 161 166 171 177 182 187 192 197 102 107 1 
244 241 249 144 240 245 161 166 171 176 244 193 199 105 110 117 120 126 131 137 1 
78 106 111 116 121 126 241 246 141 146 151 246 163 168 173 178 183 188 193 198 103 1 
241 248 136 141 247 242 158 163 168 173 179 186 195 100 106 111 111 121 127 132 l 
79 niKRCTION.S 109 114 119 124 249 244 249 244 149 2 44 161 166 171 176 180 185 190 195 100 1 
125 240 248 144 240 ISS 161 166 173 177 185 192 197 103 107 114 118 124 129 i: 
80 In Inlin; bottiM Htled on low fitirr nhake wlthmit hlowini; off tup 107 2.12 116 121 246 241 246 141 146 150 155 162 167 172 IH 182 186 191 196 1 
preMurc and om black IlKurrx. 124 129 2 47 141 147 151 158 163 169 173 179 186 193 198 105 110 115 120 125 i: 
61* . 110 lis 119 244 249 244 249 143 148 243 248 164 168 173 ,178 183 .187 192 1 
In le^ tlnx botlle* eilfd on hJ*h prfjinure fillfr blow off the lop pressure, Ihrn 2,27 245 249 244 240 245 111 115 171 171 242 248 244 199 105 110 111 121 12 
82 shake and red fixurca. 112 116 121 126 241 133 140 145 150 245 161 166 170 175 179 184 2 49 II 
130 2 47 142 148 153 248 163 169 174 180 241 193 197 103 107 112 118 i: 
83 Oottlen filled on unknown kind of filler blow olT lop pressure nnd shake and 110 114 119 123 128 132 247 242 147.242 246 2.63 169 172 176 U1 186 1 
OM red ficare*. 128 242 140 145 241 245 161 166 172 177 182 249 191 100 105 110 116 13 
M Anr«ulU.„b..hr«..ndhl,ckn,ur»nrMh,.oIu».«..M-Fnh„„h,». Ifi "J 
83 Table calcuhlrd b/\V. IMInlh and raplM may b. iirrurni fron Ihr ('o'lilKl 1.13 2.18 2.22 2.27 Ul Ui 2.40 MS UO 2.S4 2.SS tiS 2.W 2.74 2.78 U 
Carbonic Laboralair, Allonla, Georgia. 2J2 2.40 2.4{ 2Ji 2J1 2.11 2.IS 2.70 2.7S 2.7» 2J5 2.14 24» S.04 lOf 5.1 
8»* 2.10 2.19 til 2.24 2.28 2J2 2J7 2.42 2.41 2.S0 2JiS 2.U 247 M2 2.71 2J 
2.2* 2J7 2.42 2.47 2.51 2.5* 2.12 2J7 2.71 2.79 TTX 2.10 2.N 3.01 X07 3.1 
87 . • • 2.12 2.17 2J1 2J« 2J0 2J4 2J» 2J3 2.47 2.62 148 243 247 2.71 V, 
2J2 140 245 2J0 245 XJi 2.89 241 2.73 2.78 244 Ml 2.»7 3.01 3.C 
 ^ 2.13 2.18 2.23 2.27 241 2J5 2.40 244 2.48 243 247 2.84 2.88 2.1 
^ MI U7 242 248 241 248 2.70 2.74 178 245 242 14< 34 
89 2.10 2.19 2,18 123 <248 242 248 241 2.45:14> 193 158 2.8S II 
M 140 144 IM 154 158 183 1«8 171 177 Ml 187 IN 3.0 
90 111 117 121 125 12» 134 138 143 .148 150 159 158 II 13« 141 247 .192 .158 Ml IH 170 179 in 189 181 1* 
0 7 8 9 10 II 12 13 14 l.'i It 17 |S 19 20 21 22 2 3  24 23 28 27 28 29 3 0  31 32 33 34 35 38 37 SS 39 40 41 42 43 44 4 
Fig. 4." Modified Gas Volume Chart 

^ND PRESSURES FOR CALCULATING VOLUMES OF CARBONIC ACID GAS AT 60° FAHR. 
POUNDS GAUGE PRESSURES IN BCnTLE 
3i]M XI 18 as 40 41 4/45U« 47: 4» «' sij H u' m; « 4 '  M m'«7 M M MS H M M «4 M  M n U U 70 71 71 7J 74 75 7« 77 W 7 
4J9 E X P L A N A T I O N  
130 419 Tkt lunloBcaia tlM«»Mtl<«rcarbonlM bemai<(nilutlr ilKnaMiu the tenpcnlari 
443 4.11 Uqirfd tlMa, bttniiw • put of tl» lU oUch b la the liqaM pum oat of lh( UqiMlnlt (he (u qian 
4.21 '440 44S , tlw HqoM. Ia tht aaaM ld«fltl<a] boitlt tlit Tohuaw at 40* win be two-trntlu la thrce.lnilha of a 
449 442 4.11 htglitr tbaa at 80*. 
j*M j'ji !*« ' . For tlie aake of nalfonaitr all Tohim t«l* ihooM either be made at a flint teoipefalure or cal 
4^ ^4 4J2 4!m 448 to a ijeJ leaipeiatntt. Br •* oCtlie Mack ««ore» In thU Uble Ihe te«t maj be nm at aajr teoperati 
447 446*4.45 444 4.83 the readlaf will be the Toh»ea at 60*. Here are two tolnaie rtaJInfa for eaeh teaipentore and pm 
3.97 4.01 4,12 441 449 447 ^ Me rradloK ia Mack aad U m other fal red. 
i'l? iof ini j'l? l"?? fJI HI ' ' TkeUatklliMwaiatobemedlalertliiibolUMMMiiiiakrwprtanlteBBeraiidwliltliarett) 
4 11 441 il8 4.M i4S IS 1 «J "haklaf wllhoat hlowlaf o« Ike top prtmre. The red 6irire« are correct for bottlea fliled on ellhi 
341 3.93 4 00 4 07 4.15 4 4 3 441 449 or low primre flllera aad where the top preamre la blown off before xhahlnK. For the red flKurrs all< 
4.07 4.15 4°44 441 4.40 448 447 4.61 haa been aiade for the haa la nIaaM froa Uowla( olflhe top presnre before teatlnK. 
MJ JSS J'S! I'S? MJ iiH TW* •'ble la calnbted for a aeren oonce bottle Oled wllhin two lochu of the top: or, approjl 
173 340 348 ll". 4^ MO 4,17 4j5 "w 439 •" •»>' <* 1^"" "<1 «• •«< "•• balf oance. of apace, 
3,95 4.03 4.11 440 447 144 443 440 449 4.67 
3.67 3.74 342 349 3.96 4.03 4.10 4.18 445 443 4.40 
349 3.M 4.05 4.12 442 449 448 445 443 441 4.69 
3.81 3.71 3.78 3 4 8 3.93 4.00:4.08 4.15 4 42 4 4 0 4 4 7 4 44 
348 3.91 4.01 4.10 4.17 447 445 443 440 449 4.67 4.75 
348 3.85 3.71 340 347 3.91 4.00 447 4.15 442 449 448 443 
341 349 3.98 4.05 4.12 4.19 447 444 4.43 440 448 446 4.73 
.141 .148 3.65 3.73 340 347 ,.191 4.01 4.08 4.15 442 449 446 443 
3.74 341 349 347 4.05 4.12 4.19 449 446 444 441 449 4.67 4.71 
3.16 3.53 3.80 3.68 3.73 340 347 3.91 441 4.08 4.15 442 449 448 443 
3.70 3.77 344 3.91 3.98 448 4.13 440 440 447 445 442 4.60 4.88 4,75 
349 3,46 3.53 349 3.88 3.73 340 147 3.93 4.00 4.07 4.14 441 447 444 441 448 
3.62 3.70 3.77 343 3.91. 3.98 4.08 4.13 4.19 449 446 443 441 448 4.85 4.71 440 
343 X40 3.47 343 3.60 3.87 3.73 340 347 3.93 4.00'4.07 4.13 440 447 443 440 447 
345 3.81 3.72 3.78 445 3.93 9.99 447 4.14 440 440 447 4.43 441 449 445 4.73 441 
348 344 341 3.47 344 3.60 3.87 3.73 340 346 3.93 4.00 4.08 4.12 4.19 446 441 449 445 
341 947 9.66 9.79 340 348 9.91 4.00 4.08 4.14 441 441 447 443 441 449 4.68 4.79 440 
348 341 347 3.41 940 347 3.63 169 178 343 349 3.95 4.02 4.09 4.18 442 449 445 442 448 
349 154 181 169 178 343 189 IM 4.04 4.11 4.17 448 443 440 448 444:4.81 4.69 4.76 443 
119 345 341 138 144 340 347 183 169 178 342 188 345 441 4.07 4.14 440 448 443 449 445 442 
142 149 154 184 170 177 344 190 198 4.05 4.11 4.17 445 443 449 448,443 4.60 4.67 4.74 441 448 
112 lis 124 131 347 143 149 158 163 169 175 181 347 194 4.00 448 4.12 4.18 445 441 447 443 449 
945 141 147 945 189 169 178 186 190 195 4.04 4.10 4.16 449 449 449 4.45 442 4.60 4.66 4.79 4.79 446 
110 118 342 348 341 140 148 343 159 165 171 177 183 349 IN 4.02 4.08 4.14 440 448 442 448 445 441 
344 140 146 949 949 167 174 181 347 194 4.00 4.07 4.13 441 447 446 441 4.48 445 441 4.67 4.74 442 448 
103 109 115 341 127 133 349 345 151 347 163 169 175 181 947 193 199 444 4.12 4.14 444 440 448 441 4.48 444 
128 344 349 145 942 158 168 173 179 185 191 198 445 4.11 4.17 445 443 440 4.46 441 449 446 4.73 4.79 448 4.91 
100 107-113 118 lit 130 348 342~148 344 180 166 172 178 344 190 198 4.02 4.08 4.14 440 446 442 448 444 440 
124 :132 348 143 149 1S6 184 170 177 343 349 198 4.02 4.10. 4.15 441 441 447 443 449 448 4.63 4.69 4.76 442 449 
2.99 103 109 115 121 127 133 139 144 ISO 157 163 169 175 181 346 191 197 4.03 449 4.15 441 447 442 448 444 440 
142 347 944 140 146 943 349 168 173 340 187 193 441 4.07 4.13 4.18 449 443 449 445 442 448 4.65 4.10 4.77 443 4.90 
2.91 2.96 102 109 115 120 9 48 132 348 143 149 345 180 168 112 118 343 349 195 4.01 441 4.13 4.19 445 440 448 441 447 449 
U5 121 127 945 941 148 949 949 167 172 179 345 190 197 4.03 4.10 ,4.15 443 441 447 443 449 446 4.83 4.68 4.75 441 447 4.93 
248 2.91 100 105 111 117 121 118 134 139 145 341 158 163 189 174:180 348 191 197 4.03 4.09 4.15 441 446 442 448 443 449 445 
1.12 118 125 341 947 143 148 155 161 169 176 941 187 194 4.01 4.06'4.19 4.19 444 444 440 U6 449 449 4.65 4.11 4.18 443 4.90 4.97 
245 2.91 2.98 102 108 114 120 12S 341 346 142 348 343 349 181 170 ,176 341 947 192 198 4.04 4.10 4.18 441 441 443 448 U4 449 445 
1.10 116 122 348 945 141 147 159 949 167 179 340 185 191 196 4.03 4.10 4.15 441 446 446 442 448 4.55 4.60 4.67 4.13 4.19 445 441 4.98 
!41 247 2.93 2.98 101 110 116 121 347 341 349 344 340 345 181 161 113 178 184 349 195 4.00 4.08 4.12 4.18 444 449 445 440 4.45 441 448 
L07 112 118 124 130 137 343 148 345 160 110 175 342 187 194 4.00 4.06 4.19 4.18 443 443 448 444 4.50 447 4.83 4.69 4.76 441 447 4.93 4.99 
!.7S 240 248 2.91 2.97 102 109 115 120 346 131 136*341 146 152 159,184 170 175 341 946 191 197 4.02 4.08 4.14 4.19 445 440 448 441 446 442 447 
141 108 112 117 124 129 197 143 348 155 160 168 113 119 345 191 197 4.04 4.10 4.16 441 440 446 441 447 443 4.59 4.65 4.71 4.78 443 449 4.95 MI 
aO 1.75 2 4 0 2 4 8 241 2.98 101 108 113 118 124 129 134 3 49 145 150 155 181 187 172 171 182 9 48 193 198 4.04 4.10 4.15 440 448 441 448 441 441 442 441 
L9S 101 106 112 117 129 128 191 341 146 942 158 169 171 178 949 948 194 4.01 4.06 4.12 4.17 444 440 448 444 440 4.58 4.60 4.68 4.79 4.79 444 441 4,96 5.02 
L67 2.72 2.77 2i3 248 193 2.98 103 110 115 120 125 340 948 941 946 941 158 163 168 179 178 949 949 194 199 4.04 4.09 4.16 441 448 441 448 442 447 442 447 
k99 2.98 104 110 115 120 126 941 949 944 149 945 180 169 174 340 945 190 197 4.09 4.08 4.14 440 447 444 440 445 440 448 4.83 4.69 4.74 440 448 4.92 4.97 5.03 
L(3 2.69 2.14 2.79 241 249 2.94 ~100~105 111 118 121 128 131 137 142 347 342 347 163 168 179 179 944 949 194 199 444 4.09 4.11 4.17 442 447 442 447 442 447 442 
L87 195 101 106 111 118 941 128 944 140 145 940 948 189 171 176 342 181 192 198 4.01 4.09 4.16 441 446 444 4.40 445 440 4.53 449 4.64 4.70 4.75 441 446 443 4.97 
L81 168 111 2.17 242 247 192 247 102 107 113 118 343 128 943 948 143 148 153 349 165 170 175 180 345 190 195 4.00 4.05 4.10 4.18 441 448 441 446 4.42 447 442 441 442 
44 193 199 105 110 111 120 946 941 941 149 148 943 159 164 171 177 343 188 194 4.01 4.08 4.12 4.17 442 449 4.37 442 447 441 4.58 4.83 4.89 4.74 440 445 441 4.94 5.03 5.10 
46 2.63 2.68 173 178 243 248 193 2.98 103 108 115 340 125 340 135 140 145 150 345 160 185 170 175 180 185 190 195 4M 4.05 4.10 4.17 442 447 442 447 4.42 4.47 442 447 442 
.79 186 195 100 108 111 118 121 127 942 138 145 940 345 162 169 175 341 186 191 196 4.02 4.07 4.13 4.18 443 440 448 4.43 448 4.53 4.61 4.66 4.72 4.11 443 448 4.94 4.99 545 5.10 
.51 161 186 111 118 2 40 185 190 195 100 108 111 118 341 128 131 346 341 143 150 345 180 168 111 116 341 348 341 194 4.01 4.08 4.11 4.18 442 441 442 441 442 441 443 447 442 
,Tl 245 192 197 109 107 114 118 124 129 136 141 147 342 348 163 170 175 341 348 191 194 4.03 4.08 4.15 440 446 441 441 4.42 4.49 444 4.(2 4.(7 4.12 4.TI 443 448 4.94 540 545 (.11 
40 155 182 167 171 117 181 248 191 198 101 108 112 117 942 126 341 948 941 946 941 156 180 187 112 lH 943 947 192 197 441 4.04 Ul U7 442 447 442 447 4.41 448 441 448 441 
.73 179 246 193 198 105 110 115 120 125 130 345 942 148 159 158 163 170 175 181 946 193 197 4.05 4.10 4.17 441 447 442 449 443 U9 4.55 4.61 4.68 4.72 4.77 4.U 448 443 448 5.04 MO 
48 243 158 184 168 173 178 243 187 192 197 102 3.07 113 118 123 128 133 348 142 147 152 347 161 167 172 177 342 188 191 194 441 4.08 UO 4.17 442 447 441 448 441 4.48 441 448 4.(0 
.71 17( 242 248 194 199 105 110 118 121 121 942 248 144 150 155 1(1 1(( 113 177 343 348 195 199 444 4.11 4.17 442 447 442 449 4.44 440 4.54 4.(2 4.(7 4.13 4.11 443 448 441 4.99 5.05 5.10 
45 240 155 1(1 !(( 170 175 179 241 249 l»l 199 103 108 114 119 124 348 343 138 342 147 342 34( 1(1 1(8 173 178 183 348 191 197 4.01 4.08 4.11 Ul 442 447 441 446 4.41 44( 441 445 4.6( 
.69 174 180 188 193 197 103 107 112 118 124 349 343 139 145 151 154 161 1(( 113 111 183 188 194 199 4.01 4.12 4.18 4 4 3 4.29 4 4 3 4 4 0 4.44 4 4 0 445 4.(2 4.(7 4.73 4.77 443 448 4.94 4.99 5.05 5.0! 
42 147 152 248 2.63 169 172 118 241 188 190 195 199 104 109 115 120 124 349 133 349 144 348 159 151 162 168 112 117 942 348 191 194 4.01 4.05 4.10 4.17 441 44( 441 445 449 4.44 449 44 
(( 172 117 182 2 49 198 100 105 110 IK 120 34( 130 135 141 148 153 347 1(3 1(7 115 180 345 191 19( 441 4.08 4.12 U( 441 448 443 449 4.44 4.48 443 4.(1 4.(6 4.72 4.11 443 441 4.92 4.98 54! 
49 144 248 243 241 1(1 1(9 173 178 181 189 191 194 101 105 110 IK 120 125 190 944 139 349 148 152 157 1(2 1(8 173 178 181 947 191 194 440 4.05 4.09 U3 440 445 440 445 449 4.41 441 
(4 1(9 114 178 184 191 2.98 102 108 111 118 941 128 943 138 9.43 150 154 1(0 1(5 1(9 174 181 18( 191 197 4.02 4.09 4.14 440 4.24 440 444 4.41 445 441 445 4.59 4.47 4.73 4.78 445 449 4.94 44< 
48 140 145 150 244 248 165 119 174 178 183 24S 191 197 101 104 110 117 341 12( 190 945 139 144 149 153 158 1(2 1(9 179 178 942 947 191 IN 4.00.4.05 4 49 U4 4.19 444 448 449 447 44: 
(1 1(5 110 115 119 245 2.94 111 9.04 109 114 120 124 340 344 140 344 341 344 1(3 1(7 173 178 183 349 193 IH 4.03 4.11 U5 442 44( 442 444 4.43 447 443 4.51 4.(2 448 4.13 4.78 443 441 441 
32 2 47 142 14( 240 155 1(3 167 172 176 180 2 45 189 193 118 102 107 111 117 341 346 130 345 139 344 148 152 157 161 347 4.72 in 941 184 190 195 IH 4.04 4.08 4.19 4.19 444 448 449 44' 
54 142 1(7 171 175 181 190 IM 101 101 111 111 121 945 941 945 141 145 152 154 161 161 114 118 183 349 IN 199 4.03 4.10 4.15 442 444 442 445 441 446 441 444 4.61 4.(8 4.13 4.78 443 441 
30 244 139 143 147 152 15( 1(3 1(7 171 176 180 245 189 IM IN 103 107 112 118 122 127 191 345 940 944 948 943 948 942 1(8 172 117 181 948 190 IN 119 449 447 Ul 4.1( 449 447 44 
55 249 1(5 1(9 173 178 184 111 197 101 108 111 118 122 947 942 947 941 Ml 344 158 1(4 148 174 119 183 189 194 4.00 444 Ul U5 442 444 443 447 441 4.41 441 44( 441 4.(4 4.79 4.TI 441 
27 241 135 140 144 148 243 241 1(1 169 113 lH 181 184 IM IN 198 103 1«1 111 347 121 125 190 194 949 943 947 941 944 940 M4 111 115 940 184 188 943 191 441 444 4.10 U4 441 441 
S2 244 141 164 110 114 119 245 192 199 103 349 113 119 129 121 942 941 142 146 94] 941 1(9 948 172 179 183 349 193 199 4.03 4.07 4.14 4.19 44( 440 444 441 4.44 440 449 .4.(0 4.(4 4.79 4.V 
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LATING VOLUMES OF CARBONIC ACID GAS AT 60° FAHR. 
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bringing out the flavor. By determining frequently the volume of gas in 
the finished beverage, the operator can check the settings of the filling 
machine gas pressure gauge, and also detect defective crowning. 
In the table below are shown the gas volumes commonly employed in 
carbonated beverages. These data are from analysis of 2700 samples of 
carbonated beverages examined in the A.B.C.B. Laboratory. 
Table IV 
Gas Volumes Found in Carbonated Beverages 
Flavor Gas Volume Flavor 
Apple .• 2.6 
Birch Beer 3.3 
Celery 3.2 
Cherry 3.1 
Cream 2.8 
Ginger Ale, pale dry 4.0 
Ginger Ale, golden 3.8 
Ginger Beer 2.6 
Grape • 1.2 
Grapefruit 2.7 
Gas Volume 
Kola types 3.2 
Lemon and Lime 3.3 
Lemon 3.4 
Lime 4.0 
Orange 2.3 
Peach 3.6 
Raspberry 2.2 
Root Beer 3.1 
Sarsaparilla 3.5 
Strawberry 3.0 
Note; The above results are the findings of the A.B.C.B. Laboratory on samples 
examined, and they are not suggested as standards to be used. 
1. APPARATUS REQUIRED FOR GAS VOLUME DETERMINATION 
a. Gas volume tester. 
b. Thermometer. 
2. PROCEDURE FOR DETERMINING GAS VOLUME 
a. Clamp the bottle in the frame of the tester. 
b. Pierce the crown, but do not shake. 
c. Quickly snift off the top gas, until the gauge reading 
drops to zero. 
{Caution: Close valve the instant the needle touches 
zero.) 
d. Shake vigorously until the gauge gives a reading that 
further shaking does not change. 
e. Determine temperature and look up values for pressure 
and temperature in table attached to inside back cover 
of this booklet. 
.Note: There is some controversy regarding the best method of testing pres­
sure in bottles. The above method has been recommended by the 
A.B.C.B. Committee, and is considered fair to all types of filling 
machinery by tests in the A.B.C.B. Laboratory. 
19 
Fig. 5.- Gas Volume Determination 
- 16 -
A. B. C. B. BULLETIN—NO. 8 M  
TECHNICAL CONTROL EQUIPME 
Sourccs of Supply 
FROM AMERICAN BOTTLERS OF CARBONATED BEVERAGES, \V, 
A.B.C.B, Gas Volume Tables, free to members. 
A.B.C.B. Hydrometer Tables, free to members. 
A.B.C.B. Alkali Test Sets, $3.75 (66 2/3% discount to membt^ 
Extra bottles of tablets, $1.90 (66 2/3fo discount to me 
A.B.C.B. Caustic Test Sets, $4,S0 (66 2/3% discount to memi 
Extra bottles of tablets, $2.50 (66 2/3% discount to memi 
A.B.C.B; Syrup Tables, free to members. 
Brix Hydrometer for Beverages, 6 to 16% sugar by w,e 
(50% discount to members). ji 
Baume Hydrometer for Syrups and Acid Solutions, 20 to i 
$3.00 (50% discount to members). 
(Note: The 9 fl. oz. Graduate is needed in conjunction with 
drometer.) 
Graduate, 9 fi. oz. for use with hydrometers and for measurin; 
tents and syrup throws $2.60 (50% discount to members)' 
Graduate, 2 fl. oz. for measuring small syrup throws $2.10 ( 
count to members). 
Graduate, 18 fl. oz. for measuring net contents of 9 to 16 fl. 'oi; 
ages $3.00 (50% discount to members). ;|j 
FROM THE LIQUID CARBONIC CORPORATION, CHICAGO, ILLINOIS: 
Gas Volume Tester, several models, up to $25.00. 
FROM 0\VENS-ILLINOIS GLASS COMPANY, TOLEDO, OHIO: 
Syrup throw test bottle (ungraduated, but may be graduatei 
chemical supply house). 
FROM ANY CHEMICAL SUPPLY HOUSE: 
Thermometer, to 220° Fahrenheit, costs about $1.00. 
Hot plate, electric, about $8.50. 
Pyrex flasks, 500 cc. capacity, wide mouth, about 29c each. 
Ruler, celluloid, 6 or 12 inches long, about 10c. 
Wax Pencil (for glass marking), about ISc. 
Phenolphthalein solution (1% in alcohol), 40c to SOc per o; 
For Further Information Write to: 
AMERICAN BOTTLERS OF CARBONATED BEVEI 
224 Southern Building 
W a s h i n g t o n ,  D .  C . '  
tr 
•1l • > 7 
r.iii 
• •  ' ' - ' ' v ' - ' A  
Fig. 5.- Gas Volume Deteri 
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sealed metallic crown elosiire has been placed over the opening or the bottle. 
Unless this pressure Is maintained during filling, the gas will not remain 
In the liquid. As a result, much of the air, originally in the bottle before 
the liquid transfer. Is trapped, with amounts of air varying from about 16^ 
to 50% of the top space in the bottle (39). 
The low pressure system. In distinction, does not coincldently 
fill and close the bottle. It allows the filling pressure in the bottle to 
be slowly released to atmospheric, after which the bottle travels by conveyor 
to the crown closure apparatus. During this Interval of time a moderate ev­
olution of carbon dioxide from the liquid tends to displace the air which 
might remain in the top space of the bottle. Naturally, such a system de­
mands a relatively stable carbonatlon to forestall rapid loss of gas from 
the contents of the bottle immediately on release of the pressure applied 
during the filling operation. To secure this stability, the water must be 
cooled to temperatures below 50*' Fahrenheit, at which the average product 
behaves very satisfactorily. Air contents in this type of filling proce­
dure may run below and up to about 10% of the top space. 
It will be noted on the second modified chart of Heath's, shown 
in Figure 4, that an allowance has been made in the tabulation for bottles 
filled on a high pressure system to minimize the interference of air in the 
test. 
The substances which mi{^t be present in these flavored beverages 
are the small amounts of water borne salts, moderate amounts of acidulents, 
varying amoimts of flavoring agents, with the quantities of sugar present, 
usually In the range of 6% to 16% (38), far exceeding the amounts of any of 
- l a ­
the other materials. Likewise, In reviewing the effeets which these various 
materials might have on the solubility of carbon dioxide, It Is quite obvious 
that the effect of the sugar will far outweigh the others In the normal case, 
tending to depress the solubility (34)• Usher (42) has shown that sugar In 
solution decreases the solubility of carbon dioxide In direct proportion to 
the amount of sugu* dissolved In the water. The amounts of salts and adds 
found In a beverage have little effect on the solubility of the gas accord­
ing to Warth (44). In commercial practice, however, no consideration Is 
made of the sugar content of the beverage: the evaliiatlon of the gas con­
tent of all products Is based on the standards devised for carbonated water. 
The exact mechanism of the gas evolution Is not fully tinderstood. 
Hflller (30) observed the need for Improving the stability of carbonated 
water by allowing It to stand awhile before using. Sulz (37) pointed out 
that air present In the carbonator would cause beverages with Irregular ef-
fervescoice. The theory that air had been the chief cause of beverages' be­
coming lifeless or flat very rapidly has been supported by Patten and Mains 
(32), Jones and DeHarkus (20), and DeMarkus (7). The air appears not only 
to Interfere with the amount of caxten dioxide absorbed, under a given set 
of conditions, but also to promote further Instability of the carbon dioxide 
In solution. 
Likewise, an excess of carbon dioxide In solution giving too great 
a degree of supersaturatlon has been the cause of Instability. Sulz (37) 
pointed out that over-carbonatlon was likely to give poor products. Like­
wise, Heath (16) has found that over-carbonatlon Is as serious as under-car-
bonatlon. ffarth (44) stated that over-carbonatlon would cause such rapid 
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evolution of gas when the contents are poured from a bottle that the final 
beverage will contain less gas than If carbonated less In the bottle. 
Flndlay and King (9) found that the rate of gas release was almost propor­
tional to the degree of supersatturatlon. Patten and Mains (32) found that 
artificially carbonated waters behaved similarly to naturally carbonated 
waters, and that there was no apparent difference In the gas absorption. 
Much variation exists In the amounts of gas used In beverages as 
Is shown In the table found In Figure 5. DeOroote (6) pointed out that there 
Is much confusion existing z*egardlng the term sparkle and that few actually 
know how much carbon dioxide should be In a product. Heath (16), working 
with a nationally distributed product, found that 3.5 volximes of gas Is a 
very satisfactory amount. If pungency and taste due to the carbon dioxide 
are at all correlated with the pH, then It should be unnecessary to go beyond 
3.5 to 4.0 volumes of gas, for the work of Moore and Buchanan (28) shows 
that the pH rapidly approaches 3.4 at this gas content and then becomes 
asymptotic to a value of about 3.1 even though the gas pressure Is Increased 
to ten times the amount. Thus, It Is only possible to say that the anK>unt 
should give a reasonable effervescence and pungency, leaving much to the 
human factor. It Is particularly Interesting to note that Kenrlck, Wlsmer, 
and Wyatt (22) were able to saturate water with carbon dioxide at pressures 
up to 35 atmospheres, and were able to release the pressure to atmospheric 
without evolution. The conditions were, however, very closely controlled, 
and can In no way be approached In commercial practice. 
Very little has been mentioned with regard to the exact effect of 
temperature on the rate of gas release, for the common practice of cooling 
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this type of beverage has made It a standard procedure to cool to temperatures 
approaching the freezing point to obtain palatablllty, and It Is the common 
observation that by so doing the gas tends to leave the liquid more slowly. 
Concerning the effect of the substances present In the liquid, 
Flndlay and King (9) observed that electrolytes have no effect on the rate 
of evolution. Flndlay and his associates found that starch and dextrin (8), 
peptone (10); and albxmlnolds (11) tended to Increase the rate of evolution, 
while ferric hydroxide and gelatine (8) decreased the rate. It was their 
opinion that the controlling factor Is the Internal tension existing In the 
liquid, and, although changes In surface tension may correlate somewhat In 
this respect, that It Is not the basic factor. Warth (44) has stated that 
starch, peptone, and albuminous substances tend to decrease the rate, and 
that stibstances which lower the surface tension tend to Increase the rate of 
evolution. Little has been stated about the effect of sugar In solution on 
the evolution rate, but It Is common observation In the Industry that bev­
erages containing sugar lose their carbon dioxide content more slowly than 
similarly carbonated water. 
Nuclei, which serve as points from which bubbles may form In the 
liquid and eventually rise to the surface, undoubtedly play a major part In 
the mechanism of the gas evolution. Kenrlck, Wlsmer, and Wyatt (SB) found 
that colloidal platinum accelerated the rate of bubble formation, but that 
the colloid lost Its effect on standing. At the same time they estimated 
«7 
the smallest particle which might act as a nucleus as 5 x 10 centimeter 
In diameter. Flndlay and King (9) suggested that bubble formation was high­
ly Influenced by the presence of nuclei and the rate which the carbon dioxide 
diffused through the surrounding liquid to the bubbles forming at the nuelel. 
That diffusion and time lag occur In the formation and breakdown of carbonic 
add from carbon dioxide and water has been shown by UcBaln (26). Heath (16) 
found that some waters containing nuclei, probably of colloidal nature, and 
consequently showing carbonatlon Instability, could be stabilized by being 
passed through activated carbon before carbonatlon, during which the nuclei 
were probably adsorbed by the carbon. Warth (44) has observed that the pre­
sence of suspended matter In water and scratches or roughness of container 
walls will also furnish nuclei to Increase the gas evolution rate. The 
rate of gas release has been found to be a logarithmic function by both 
Flndlay and King (9) and Patten and Ualns (32). 
Further than this there seem to have been no Investigations which 
might have relation to this problem on gas contoit and gas evolution as 
found In bottled carbonated beverages. 
III. EXPERIMENTAL 
km Purpose Of Study 
The purpose of this study Is to add to the Information concerning 
the measurement of the carbon dioxide content of carbonated beverages In 
bottles, and to evaluate the factors which have bearing on the evolution of 
this gas content at the time the beverage Is released from Its sealed con­
tainer. 
B. Proeedure 
1. Apparatua 
Steel preasure bomb. During the preliminary Investlgatlone lead­
ing to thl6 problem, attempts were made to carbonate water In glass bottles, 
but the numerous bursts proved exceedingly dangerous. To duplicate Insofar 
as possible the characteristics of the glass bottle but Increase the mechan­
ical strength, a bomb was made of 18-8 stainless steel, similar to a Parr 
Oxygen Bomb, as shown In Figure 6. This bomb consisted of three parts: the 
body, a top fitted with a needle valve gas connection, and a collar fitting 
over the top and threaded to the body. Oas-tlght fit was obtained from a 
recessed rubber gasket compressed between the body and top by tightening the 
collar, at which time the needle valve was the sole means for comramlcatlon 
with the contents. Corrosion resistance was assured by the quality of this 
high nickel-chromium alloy, and the design allowed safe working pressto'es of 
up to 2,000 Ibs./sq. In. The only characteristic differing from a glass 
bottle was the quality of the Inner surface. To assure an extremely smooth 
finish, successive lappings with decreasing fineness of abrasive with a 
power arbor produced a mlrror-llke gloss, which. In all probability, ap­
proached the smoothness of glass. 
The cubic content of the bomb with the top In place w^ determined 
by filling with distilled water, making certain that all air was displaced. 
Then the volume was deteinnlned both by weighing and by volumetrlcally mea­
suring the water. The average of a series of determinations was 384.6 cubic 
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centimeters. 
Conditions existing In a hermetically sealed bottle vere closely 
duplicated by means of the bomb, and carbonatlon could be carried out di­
rectly In the bomb by Introducing carbon dioxide through the compression 
coupling located on the side of the needle valve. To follow the pressure 
change In a given carbonatlon with Increasing tenQierature, an accurate 
pressure gage could be coupled on as Figure 6 Illustrates. 
Pressure gages. The pressure gages used for determining the 
pressures found In the bomb were ecxtrenraly accurate Ashcroft-Amerlcan Test 
Gages reading 0 to 100 Ibs./sq. In. by half pound Intervals. Sweating the 
connecting tubing from the bomb coupling to the gage stem eliminated all 
possibility of gas leakage, and also cut the volume of the connecting tube 
to a mlnlnum. These gages were accurate to 1 part In 200 over the entire 
scale reading, and were maintained at that accuracy by regular cheeking 
with a standard dead weight tester having an accuracy of 1 In 400. 
Displacement flask. To measwe the rates of evolution from the 
liquids concerned, a displacement flask was devised to give a means for 
measuring this amount of gas by the amount of water displaced. These units 
are Illustrated In Figure 7 and consist of a large bottle of about 1 liter 
capacity fitted with a two hole rubber stopper, one side of which carries 
the gas Inlet tube extending nearly to the bottom of the bottle, while the 
other carries a siphon tube of exactly balanced arms, with the Inner arm 
.also reaching nearly to the bottom. When the bottle Is filled with liquid 
and the stopper tightly seated, this arrangement Is In effect a Uarlotte 
bottle; the Incoming gas displaces the liquid at the same pressiure whether 
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Fig* 6. Steel Bonb with . Fig. 7. Displacement 
Pressure Sage Flask 
Fig. 8. Gas Evolution Measurement Setiq) 
(Water bath not shown) 
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the liquid level la high or low. In operation the inlet arm was adjusted by 
sliding up and down until, at atmospheric pressure on the inlet tube> the 
outlet end of the siphon arm would drop about 4 to 6 drops a minute, which 
would prevent the liquid from backing up. The tip of this tube was Icept 
greased to prevent crystal growth on this end from upsetting the tolance. 
Displacement liquid. The liquid used in these flasks nnist, of 
necessity, be easily obtainable, yet have virtually no affinity for carbon 
dioxide^ For this purpose, an acidified salt solution was used, containing 
25^ by weight of NaCl, and acidified with HgSO^ to coiq>lete redness of 
Uethyl Orange contained in the solution, which color also served to iden­
tify this brine. Kobe and Williams (S3) investigated this liquid and found 
it to be very satisfactory after its first saturation with carbon dioxide, 
which step was carried out before this liquid was used. 
Evolution set-up. The combination of these units to measure the 
evolution rates is i^own in Figure 8. The connection from the valve on the 
bomb was led to the Inlet tube on the displacement flask. The displaced 
liquid was collected in a volumetric flask, and was mewured to a predeter­
mined volume Interval, the time being noted at each interval with a stop­
watch. 
Temperature baths. To obtain ten^)eratures at the freezing point, 
a wide-mouthed thermos type gallon Jug was filled with an intimate mixture 
of cracked ice and water. The bomb could be completely Immersed in this mix­
ture and agitated by hand. For temperatives above this point, the bomb was 
immersed in a large i^ex glass aquwium, and the temperatures obtained by 
mixing together cold and hot water l^om the building service lines, which 
remained at very constant temperatures. The hot and cold water were mixed 
In a mixing tube, their proportion controlled by hand-operated valves, and 
led Into the bath, with the resulting temperatia>e being Indicated by a 
thermometer In the outlet. The velocity was sufficient to give a very def­
inite motion to the water In the bath, and the waste allowed to spill over 
the far side. To check on temperature, thermometers were also placed at 
the base and the top of the bomb. These thermometers were checked at 
regular Intervals against a certified master thermometer. It was found 
that, by careful manipulation, the water bath could be easily held within 
a quarter of a degree Fahrenheit In the range of about 45® to 100° Fahren­
heit. Rate of correlation between the temperature of the bomb contents 
and the temperatiu>e of the bath was found to be such that, with a 2£P 
Fahrenheit difference, the bomb contents would approach to within 0.2^ 
Fahrenheit of the bath temperature In SO to SS minutes, using a regular 
hand agitation of the entire bomb; 40® difference required 30 minutes. 
Thus, In actual runs, no readings were attempted tintll proper adaption 
time was allowed. 
Gas analysis apparatus. In all Instances It was necessary to 
know the amount of carbon dioxide left In the liquid after evolution had 
ceased. To determine this amount, a standard Van Slyke Blood Oas Apparatus 
was adopted (43). The apparatus consists of a calibrated vertical tube 
fitted with a stopcock at the top, through which a sample of liquid Is drawn, 
measured, acidified to reduce the solubility, and the mercury level lowered 
to produce a Torcelllan vacuum which liberated the gas. This liquid was 
then trapped In a two-way connection In the bottom of the vertical tube, the 
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mercury by-passed back Into the tube with the gas, and^by balancing the mer­
cury column to atmospheric pressure, the amount of the gas was measured di­
rectly. Using a double extraction as recommended by Van Slyke (43), the 
accuracy of the apparatus was found to be better than 1 part In 100 of the 
total gas evolved from the liquid. Likewise, this apparatus, having cali­
bration to 0.02 c.c., could be used for the determination of carbon dioxide 
In samples of gas of from 1 to S c.c. or 50 e.c.. In which procedure the gas 
sample was drawn In, leveled, measured, NaOR solution Introduced through the 
top stopcock, and the shrinkage measured after the solution had absorbed the 
carbon dioxide. 
Oas source. The carbon dioxide was obtained from a conmerclal 
conpressed gas cylinder. This cylinder had been used for previous work and 
was, at the time of the study, giving a gas of better than 99.^ COg. By a 
connecting tube the gas was led directly to the bomb and the contents car­
bonated as desired. In the work requiring additional amounts of air, a hand 
pump was used to compress and force atmospheric air Into the bomb. 
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2. Method of proeednre 
Determination of temperatiire-preBBure relationBhlpa. Preliminary 
observation showed that variation existed when a given bottle was cheeked 
for gas volume content at increasingly higher temperatures, the indicated 
content slowly decreasing. Such observations were interpreted through the 
standard chart shown in Figure 2. However, a given bottle should Indicate 
the same gas volume content at any reasonable ten^eratiire, for the amount of 
gas contained in the hermetically sealed bottle remains constant. This 
amount of gas is distributed between the liquid and the top space. Since 
this phenomenon existed in both carbonated water and flavored beverages, it 
was not connected primarily with the flavoring ingredients. The remaining 
factors were the ratio of the top space to the total bottle capacity and 
the quality of the gas in the system. Unless the charts in commercial use 
indicate the same gas content for a given bottle at any reasonable tempera­
ture, uniformity of product is impossible, for it is not always convenient 
to make the test at the same temperature. 
Therefore, it seemed rational to duplicate the closed system exist­
ing in the hermetically sealed bottle by means of the steel bomb. Because 
the lowest possible temperattire which might be used is the freezing point of 
water, and because this point is Standard Temperature to which gas volume 
contents are calculated, it was necessary to consider the validity of the 
gas volume-pressure relatloni^lp at 32*^ Fahrenheit as shown on Figure 2. If 
a definite volume of gas could be assvired by a fixed pressure at that temper­
ature, it would then be possible to proceed with a closed system to higher 
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teaperaturefi observing the resulting pressures. To cheek on the accural^ of 
this basic assonqptlon at 32^ Fahrenheit over the normal range of gas con-
touts found In beverages, namely 8 to 5 volumes, the first experlnental runs 
were made by the following procedure. 
A measured amount of distilled water was placed In the booft), the 
top placed and tightened, and carbon dioxide led In through the needle valve. 
To scavenge out the air, the bonb was shaken and the carbon dioxide blown off 
several times, until a 2 c.c. sample of gas withdrawn into the Van Slyke Ap­
paratus showed 99^ COg. The pressure gage was th«i attached and the unit 
cooled to 32° Fahrenheit. After cooling, the b<»nb was vigorously shaken until 
three consecutive pressure readings at five minute Intervals were Identical. 
Fresswes approximating S to 5 volumes according to the chart were \ised. 
The valve was closed, the bomb roooved from the bath and warmed to 
room temperature. After the displacement flask was connected as Shown in 
Figure 8, the gas content was evolved for total amount. When no further gas 
could be liberated by shaking the bomb, the top was r«noved and the residual 
carbon dioxide In the liquid determined with the Van Slyke Apparatus. The 
evolved gas was corrected to Standard Tnnperature and Pressure (S.T.P.) and 
then corrected for the gas contained In the top space of the boni). Likewise, 
the Van Slyke Apparatus reading was corrected to S.T.P. The total amount of 
gas contained In the liquid was determined by adding the corrected amount 
evolved, plus the residual. The results obtained were coiq>ered with the 
chart values. 
The second series of runs onployed these basic data Jiist gained to 
determine the volumes of gas contained In the bomb by cooling to 3S° Fahrenheit 
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and noting the pressure. The bomb was filled with distilled water In such 
amounts that definite ratio existed between top spaee and total bomb content. 
As a guide to the most common top spaee ratios found In the Industry, several 
hundred measurements were obtained from laboratory records. The common 
ratios were found to be from l/lO to 1/15, with under>fllled bottles reach­
ing 1/5 and over-filled bottles reaching 1/30. Therefore, runs were made 
with ratios of 1/5, l/lO, 1/15, and 1/30. Following the same general pro­
cedure as In the first series, the contents were carbonated, the gas content 
checked for purity, and the 32^ Fahrenheit pressure determined. 
The pressure at the freezing point thus being determined, the 
closed system of the bomb and the gage were warmed In the water bath, and 
the pressure readings taken at 50°, 70^, and 90° Fahrenheit, observing the 
necessary precaution for temperature correlation time for three consecutive 
Identical readings on the gage. This sequence was repeated for each of the 
top ratios mentioned, at approximate gas content of S, 3, 4, and 5 volumes. 
The resulting data were plotted to show the temperature-pressure curve In 
each Instance. 
A third series of runs was made to show the effect of the presence 
of air In the gas contained In the bomb. The procedure employed In the sec­
ond series was duplicated except that, after the bomb was brought to a def­
inite carbon dioxide pressure, an extra amount of air was pumped In. After 
the mixture was brought to equilibrium, a 2 c.c. sample of the gas was with­
drawn Into the Van Slyke Apparatus, to determine the percentage of air exist­
ing In the top gas. The gage was then attached, and the 32^ Fe^enhelt 
reading made, followed by temperatures of 50®, 70°, and 90° Fahrenheit, 
taking readings of the resulting pressore at each step. The data were han­
dled similarly to the second run* 
A fourth series of runs was made to determine the difference In 
solubility of carbon dioxide In sugar solutions as conqiared with distilled 
water. The xnms made In the first series were duplicated, using In place 
of distilled water sucrose solutions of 6^, 10^, and 14% by weight, flor 
such concentrations are the normal range In beverages. The results were 
Interpreted as per cent relative solubility of the findings for distilled 
water. 
A fifth series of runs was then made similar to the second series 
to determine the tenqperature-pressure curves, using the sucrose solutions of 
10^, and \A% by weight. The resulting data were plotted to demonstrate 
the change In pressures broxi^t about by the addition of sucrose to the 
liquid. 
A sixth series Investigated the effect of mineral salts and acldu-
lents, as well as a few of the flavoring agents commonly found In or added 
to carbonated beverages, to show their effect on the solubility of carbon 
dioxide In their aqueous solution. The salts were NaHCO^, NagSp^, NaCl, and 
LlCl, used In concentrations of 25 grains per gallon. Citric acid was used 
In concentration of 100 grains per gallon. Typical beverages of the ginger 
ale, cola, and root beer varieties were also used. The procedure of the 
first series, concerning the solubility of carbon dioxide, was employed for 
these solutions. The results so obtained were then compared with those for 
distilled water to note If any difference existed. 
A seventh series used these solutions, emplc^ed In the sixth series. 
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to see If their presence had any effect on the temperature-pressure relation-
i^ps. The routine outlined In the second series was followed. The results 
so obtained were compared with the findings on distilled water to note If 
any change could be ascribed to these materials In solution. 
Measxirements on evolution rates. The second portion of the exper­
imental work W8J9 carried out using the evolution apparatus condslnatlon as 
shown In Figure 8. This consisted of the steel bomb. In which the desired 
carbonated liquids were prepared, connected to the displacement flask, which 
In turn emptied the displaced liquid Into a volumetric flask. The amounts 
of liquid were usually observed in units the equivalent of 100 or SOO c.c. 
of the gas at Standard Temperature and Pressure. That Is, under the condi­
tions of temperature and barometric pressure which existed In the displace­
ment flask at the time of observation, correction factors were applied com­
puting back fl>om these volumes at S.T.P. to the cubic centimeters which 
would result. This volume was thai marked on the volumetric flask used, 
simplifying the Interpretation of the results. Time was counted from the 
first release of gas from the bomb by opening the needle valve. The volu- -
metric flask was placed on a trip balance having an alarm which prevented 
passing the reading point without notice.. 
The bomb was Immersed In the water bath throu^out the run, and 
held at the desired temperature. A quieting time of one-half hoxir was al^ 
lowed after bringing the bomb to a constant temperature, to assure that no 
mechanical disturbance of the contents existed. The evolution flask could 
also be clamped In the water bath If necessary to assure the t^perature of 
the gas held In the flask. To prevent the flask from rising as it ea4)tled 
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and beeanie more buoyant, a elamp was used to hold It In place. As one flask 
enqptled, another was coupled directly with no loss of gas or Irregularity In 
the rate* All runs were made with a top ratio existing In the bomb of l/lO, 
since this ratio had little connection with evolution factors; It was de­
sired to oiqaloy substantially the same conditions in all runs so that the 
results could be directly correlated. Likewise, the volume-temperature-
presswe relationships have been Investigated In the second series, so that, 
knowing the ten^erature, the pressure could be quickly ascertained to give 
a definite volxime of carbonatlon for a fixed top space ratio. 
The eighth series of runs concerned the effect of original amount 
or volume of gas existing in the liquid at the time of the run. Because of 
the ease of holding the bath and displacement flask at moderate temperatures, 
and the x>esultlng low variance due to warm up of the evolved gas, these runs 
were made at 65^ Fahrenheit. Beginning with gas contents of about 2 volumes, 
the amounts were Increased to over 5 volumes. These data were plotted di­
rectly using the variables of time and amount of gas evolved. Preliminary 
work had shown that a major portion of this original curve would become a 
eharact«rlstlc straight line when logarithmic value of time was plotted 
against the evolved amount of gas; hence, curves of this type were also shown. 
The ninth series of runs was carried out In substantially the 
same general manner, varying this time the temperature at which the evolution 
was made from the bomb. A volume contoit was chosen for the standard for 
these runs based on observations of a desirable content as shown In the 
eighth series. The data obtained were treated In the same manner as In the 
eighth run. 
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The tenth series Investigated the effect of the air content In 
the top gas on the evolution rate. Increasing percentages of air were ln> 
troduced on a fixed gas volume content In the bomb, and the regular evolu­
tion procedure followed* The resulting data were compared to the basic runs 
for this amount of carbon dioxide to show the effect of air. 
The eleventh series Investigated the presence of sucrose in solu­
tion on the rate of evolution of the carbon dioxide. Using solutions of 6^, 
10^, and 14% sucrose, evolution runs were made In the same manner as In the 
el^th aeries. In which case only distilled water was used. The resulting 
data were plotted to obtain the characteristic curves, and then compared 
with the findings on distilled water. 
The twelfth series considered the effect of nuclei for bubble form­
ation on the rate of carbon dioxide evolution. In this, distilled water con­
taining varying amounts and degrees of suspensolds was used. Varying degrees 
of roughness of the Inner surface of the bomb were also Investigated. The 
same routine of the elf^th series was followed. From the findings, the ef­
fect of the presence of such nuclei could be deduced. 
The thirteenth and last series Investigated the effect which the 
mineral salts, citric acid, and flavoring agents, considered In the sixth 
series of runs, might have on the rate of gas evolution from their solutions* 
The solutions were handled In the same routine as employed In the eighth 
series. The results obtained were then compared with the findings on dis­
tilled water. 
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C« Results 
1« Determination of temperature-pressure relationships 
Solubility of earbon dioxide at 32^ ftorenhelt. (Series 1) This 
series of runs checked the volumes of gas which would be absorbed by dls-
o 
tilled water at 32 Fahrenheit with Increasing gage pressures, reaching a 
maxluium of about 5 volumes of gas per volume of water. After being brought 
to equilibrium In the steel bomb, the gas was evolved and measured with the 
displacement flask, and the amount corrected to Standard Temperature and 
Pressure (S.T.P.). Correction was applied for the gas contained In the top 
space of the bomb. The remainder represented the gas evolved from the water. 
The residual gas still In the water was measured with the Van Slyke Apparatus. 
The total gas held In the water was then the sum of these two corrected val- . 
ues. The results of these runs are shown In Flgwe 9. 
With these findings have been plotted the results of ffroblewskl 
and those computed by Heath from the data of Bohr. It Is obvious that the 
computations based on the works of Bohr are sufficiently exact between the 
pressures of 0 and 25 Ibs./sq. In. to use as a basis for future work. In 
other words, a given bottle or sealed system of gas and water can be re­
ferred to as having so many volumes of gas If It shows the proper pressure 
at 32** Fahrenheit. This system will, of course, contain not only the gas In 
the liquid, but also the amoxmt compressed In the gas space above. Such an 
Indicated gas content will, therefore, be referred to In the following work 
as the 32° Fahrenheit or Standard Temperature Volume. 
FIk. 9. 
SOLUBILITY OF CARBON DIOXIDE 
IN WATER 
Temperature 32° F. 
Wroblews 
B^ohr 
"Bottlln, 5 Range-
-
-
/ 
Experimental Points (o) 
s^ Vols. evol. Resld. Total 
Gage (at STP) (STP) Vols. 
8 1.72 0.86 2.58 
12 2.21 0.95 3.14 
22 3.42 0.85 4.27 
-
-
JM.Sharf 
1937 
10 15 20 25 30 35 
Gage Pressiire In lbs. per sq. in. 
40 45 50 
38 
Effect of top ratio on teaperature-preasure curve. (Series 2) 
These runs demonstrate the effect on the resulting pressure of Increasing 
the relative top space In a bottle above the carbonated liquid. The typical 
curves obtained have been plotted from the gas volume chart of Heath's, 
shown In Figure 2, and make no allowance for the top gas space. 
The results obtained when the ratio of the top space above the 
liquid to the total content of the bomb was 1/5 Is shown In Figure 11. It 
will be noted that there Is a decided tendency for the pressures developed 
In the system to tend to fall below those shown In Flgiire 10. As the ratio 
of this top space to total content Is varied through l/lO (Figure 12),  
1/15 (Figure 13}, and 1/30 (Figure 14), the curves approach regularly the 
theoretical curve first shown. 
To picture the exact change taking place, the curves of the various 
ratios must be compared to the basic or theoretical curves. For this reason 
the experimental curves were Interpolated for the probable curves starting 
from a definite 32° Fahrenheit gas content of 2, 3, 4, and 5 volumes. In 
this Interpolation, It was found that the ctirves were all of a definite type, 
and appeared to have a common origin, when compared by means of a long draft­
ing curves Using this Information, the most likely curves were drawn through 
the exact points on the 32^ Fahrenheit line and extended. 
The composite picture of all these curves Is shown In Figure 15. The 
regular decrease In the existing pressure In the closed system as the top 
space ratio Is Increased seemed to Indicate that gas must migrate Into the top 
space as a result of the decrease In solubility In the liquid proceeding at a 
faster rate than the expansion and coiqpresslblllty of the gas In the top space. 
Fig. 10. 
TEMPERATURE-PRESSURE CURVES 
Carbon dioxide in water. 
Points from A. B. C. B. 
Volume Chart computed 
from Bohr's values. 
Observed Points 
T: temperature in °F. 
P: gage press.,Ibs/sq,in. 
T P 
32 2.5 
50 10 
70 20 
90 32 
T P 
32 11.0 
50 23 
70 38 
90 56 
T P 
32 19.7 
50 36 
70 56 
90 80 
T P 
32 28.2 
50 48 
70 73 
85 94 
iJM.Sharfi 1957 
40 50 60 70 
Gage Pressure in lbs. per sq. in. 
100 
c <D 
Flk. 11. 
TEMPERATURE-PRESSURE CURVES 
Top Ratio 1/5 
Carbon Dioxide in Water 
Steel Test Bomb 
Observed Points 
T: temperature in °F. 
P: gage press., Ibs/sq.in. 
a. 
50 8.5 50 18 50 31.5 50 47 
70 16 70 28 70 47 70 67 
90 23 90 39.5 90 62 90 88 
40 
32 JM.Sharf. 1937 
10 20 30 40 50 60 70 
Gage Pressure in lbs. per sq.ln. 
80 90 100 
100 
90 
? 80 
S70 
to 
Fig. 12. 
TEMPERATURE-PRESSURE CURVES 
Top Ratio l/lO 
Carbon Dioxide In Water 
Steel Test Bomb 
Observed Points-
T: temperature In °F 
40 32 12.5 33 24.0 32 35.0 
50 23 50 38.5 50 53 
70 56 70 78 
90 75 85 97.5 
32 4.0 
50 11 
73 20.5 70 55 
10 20 30 40 50 GO 70 
Gai^ e Pressure in lbs. per sq.in. 
100 80 
Fig- 13 
TEMPERATURE-PRESSURE CURVES 
Top Ratio 1/15 
Carbon Dioxide In Water 
Steel Test Bomb 
Observed Points. 
temperature in F. 
gage pressure, Ibs/sq^ ln. 
T 
32 9oO 
50 19o5 
70 32. 
90 47.5 
T P 
32 18.5 
50 33. 
70 51. 
90 70. 
T 
32 3.0 
50 11. 
70 21. 
90 32. 
T P 
32 28.0 
50 46. 
70 69. 
90 95. 
1 
Gage Pressure in lbs per sq.ln. 
IOC 
+> 
Fig. 14 
TEMPERATURE-PRESSURE CURVES 
^60 To? Ratio 1/30 
Carbon Dic^ xide in 'A'ater 
Steel Test Boob 
Observed Points 
P: gage pressure, Ibs/sqdn 
a. 
70 25 
90 38 
70 43 
90 61 
70 58 
90 81 
.n-'.FthprrI 
70 79 
00 95 32 
100 70 80 90 60 30 40 
Gage Pressure in IbSo per sq.ln. 
50 20 10 
Vols. 4 Vols 
Vols 
Fi£, 15. 
COMPOSITE 
TEMPERATURE-PRESSURE CURVES 
Carbon Dioxide in water 
Steel test bomb 
Base curve obtained from 
A.B.C.B.'Gas Volume Chart 
Other curves interpolated 
from preceeding experimental 
work 
Vai^ iable factor the top ratio 
of the fill as designated 
at the top of each curve 
JK.Sharf 
40 50 60 70 
Gage pressure in lbs. per sq.in. 
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Effect of air on temperature-pressure curve. (Series 3) The sol­
ubility of air, relative to that of carbon dioxide^ Is known to be low* For 
clarity, a chart has been Introduced showing the behavior of these two gases 
and conparlng the solubility of air (19) with the results of Bohr. This re­
lationship Is demonstrated by Figure 16. Note that the average relative 
value Is 1/50. 
From this Information, It Is obvious that, with Increasing tenqper-
atures, the migration of air from the liquid will not materially affect the 
pressures as was the case with pure carbon dioxide. To find Just what the 
effect of the air mlg^t be, eicperlmental runs were made. The results In a 
specific case are shown In Figure 17. 
In this Instance, a teIl^)erature-pressure curve was run on a given 
gas volume content In the bomb. Then Increasing amounts of air were Im­
pressed and the air percentage determined at 32^ Fahrenheit with the Van 
Slyfce Apparatiu, the liquid and carbon dioxide content ronalnlng as before. 
Again the temperature-pressure curves were run. The variation from the 
normal line Is shown In Figure 17. 
Note that the Imposed pressure appeals to be directly proportional 
to the percffiitage of air present at Z2^ Fahrenheit. The total pressure In 
the bomb must be considered, of course, not as the gage, but as the abso­
lute pressure. A slight deviation Is evident at the higher temperature, 
which deviation probably Is caused by a decrease In the volume of air In the 
top space as the pressiire Increases. Thereby the top space and the top space 
ratio are Increased. This, In turn, makes the resulting pressure due to the 
carbon dioxide drop slightly from the theoretical found In the Instance of 
the carbon dioxide alone. 
Volumes of Air (S.T.P.) per Volume of Water 
,015 .020 . .025 .030 
90 
5 80 
. <u 
x: Cj 
CO 70 
03 OJ 
bO 
a> 
a 
£60 
3 
+> 
aJ . : 
<13 
D. 
03 50 
E-T 
40 
32 
FiK. 16. 
SOLUBILITY IN WATER 
OF 
CARBON DIOXIDE AND AIR 
Atmospheric Pressure 
Comoarative Solubilities 
. Air f 
(Volumes per volume at S.T.P.) 
TOF. Air COo Ratio 
32 .0292 1.713 1/58 
50 .0228 1.194 l/53 
68 .0187 0.878 l/48 
86 .0156 0.665 l/43 
\ 
co^  
" • 
JM.Sharf 1937 
05 
.50, .75 1.00 1,25 1.50 1.75 2.00 
Volumes of COg per Volume.of Water 
100 
90 
•p 
•H 0) 
•§ 
<u 
80 
CO 0} 0) 
u 
ta 70 
o 
a 
c 
•H 
di 
3 60 
+» 
ot 
U 
0) 
cu 
S <u 
C-H 50 
40 
32 
a. 
/b. 
d. 
Fie. 17. 
EFFECT OF AIR ON TEMPERATURE / 
PRESSURE CURVES 
Increasing amounts of air im­
pressed on a fixed volume of 
carbon dioxide in water, using 
steel bomb filled to a top 
ratio of l/lO. 
Experimental Points 
X Air in Pressure in bomb at 
top gas 32° 60° 90° 
a." 0.0 11. 27. 48.5 
b. 10.5 14. 30. 51.5 
c. 18.7 17. 32.5 53.5 
d. 26.0 20. 35. 55.5 
• Air percentase determined at 32? 
Temperp-ture in degrees Fahr, 
, JM.Sharf i 1SS7 
// 
/// 
• 
-
10 20 30 40 ' 50 60 70 
Gage pressure in lbs. per sq.in. 
80 90 100 
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Effect of Buerose on solubility of carbon dioxide. (Series 4} 
These runs were carried out to determine the decrease In solubility of 
carbon dioxide In water with Increasing amounts of sucrose In the solution* 
Following the same routine as used In the runs on solubility of carbon 
dioxide In water, the results have been expressed simply as the percentage 
of the solubility In water under the same conditions. Such an expression 
gives niore direct \mderstandlng of the problem In this Instance. The 
results are shown on Figure 18. 
It appisars that the decrease In solubility proceeds In direct 
relation to the amount of sugar present: the sugar, as a non-electrolyte, 
probably does not enter Into reaction at all, merely tending to displace a 
certain amount of water. 
From this chart, an approximation can be made as to the effect 
of the addition of sugar. For practical purposes, the factor 0.9 multiplied 
by the percentage of sugar In solution will give the percentage decrease In 
carbon dioxide solubility over that In water. The results obtained would 
Indicate a factor of approximately 0.88 to 0.90, but iinder the general con-> 
dltlons of the experiment the above approximation la sufficiently accurate. 
f^k, 16. 
EFFECT OF SUCROSE 
ON SOLUBILITY OF 
CARBON DIOXIDE IN WATER 
16 
Experimental Points 14 
Relative 
Solubility 
"to Wafer 
Sucrose 
12 
94.5 6.0 
to 
10.0 91.0 
14.0 88.0 
•p 
JM.Sharf 1937 
85 90 95 
Percent Relative Solubility 
100 
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Effect of Bucroae on tOTperature«preBSttPe curve. (Series 5) Be­
cause the presence of sucrose In solution decreases the solubility of carbon 
dioxide. It Is quite obvious that the presstires developed In the closed 
system would also be lowered. In actual results this proved to be the ease* 
A typical ease Is Illustrated In Figure 19. 
Note that the ctirve for the solutions of sucrose which start at 
the same 38^ Fahrenheit pressure tend to fall below the same curve for dis­
tilled water. This effect seems to take place through the action of the 
sucrose In dlisplaclng a certain amount of water, and In so doing decreasing 
'the amount of carbon dioxide absorbed. A more Important effect takes place 
at the same time, however, which Is the altering of the top space ratio. 
The active solution, which Is the water, now becomes the total liquid less 
the bulk of the sucrose In solution, and the total space \ised in computing 
the top space ratio Is the sum of the top space plus this corrected liquid 
volume. In effect, the top space ratio Is decreased, and the tendency for 
the tenqperature-pressure curve to fall lower Is Increased, as has been 
demonstrated by the composite curves shown In Figure 15. 
Thus, a 10% sucrose solution will tend to lower the top space 
ratio In a 1/10 system to 1/9, which will cause the pressures developed at 
hlc^er temperatures to fall below the theoretical line. The net result will 
be a difference of several pounds at high temperatures with the higher car-
bonatlons. The effect will not be so pronounced at lower gas contents. 
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EFFECT OF SUGAR ON TEMPERATURE. 
PRESSURE CURVES 
Increasing amounts of sugar 
dissolved in v/ater, and- the 
liquid carbonated to the same 
pressure at SS'^ F., using steel 
bomb filled to a top ratio 
of l/lO. 
Experimental Points 
Percent Pressure in bomb at 
Sucrose  ^ 90° 
a. 0 11. 27. 48.5 
b. 8 11. 26.5 47.5 
c. 15 11. 26. 46.5 
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Effect of flavoring Inpredlents on aolubllltar of carbon dioxide. 
(Series 6} Runs made on the solubility of carbon dioxide In solutions con­
taining mineral salts^ citric acid, and three typical diluted flavoring 
agents showed that there was no appreciable difference In their gas contents 
as compared to carbonated water, within the limits of accuracy of the method. 
The salts were NaHCO^, NagSO^, NaCl, and LlCl, In concentrations of 25 grains 
per gallon. Citric acid was used In concentration of 100 grains per gallon. 
The flavoring Ingredients In the dilution commonly found In beverages of 
ginger ale, cola, and root beer types, without the addition of sugar, were 
used. 
Effect of flavoring Ingredients on temperature''PreBBure curve. 
(Series 7} The same series of mineral salts, citric acid, and flavoring 
agents studied for solubility were examined to see If they had any effect 
on the temperature-pressure curves, as compared with distilled water. With­
in the limits of the accuracy of the bomb and gages, there was no apparent 
difference. From this Information, It Is obvious that the sugar Is the In­
gredient present In flavored beverages which will cause any variation from 
the ciirves for distilled water. Likewise, It Is the sugar which Is respon­
sible for a lower gas content of a flavored beverage than In a carbonated 
water under similar conditions of temperature and pressure. 
2, tfeaaurenwrnta on evplutlon rates 
Effect of total gas content on evolution. (Series 8) These runs 
were made with the evolution set-up shown In Figure 8. By Increasing the 
pressure of carbonatlon, the gas content of the distilled water was Increased. 
Beginning at a low content the amount was Increased until the apparatus was 
displacing water as rapidly as possible, which proved to be well above the 
gas content nonnally used. The tenqperature used was near room temperature, 
to minimize error due to temperature difference. 
The observations are tabulated In Table 1, on the following page. 
These results are plotted on regular scale In Figure 20. Following this, 
the results have been again plotted In Figure 21, using a logarithmic 
scale for the time. This gives a very characteristic straight line. The 
only points which fall off this line are those at the first and last parts 
of the evolution. At these times the characteristics of the apparatxis were 
undoubtedly Interfering. 
The rate of the evolution can easily be determined by the slope 
of these straight lines, which rate In this ease Is; 
Y -V 
Rate of evolution.» £ A 
log.tg - log.tj 
V Is the volume of gas evolved at time t. Then to show the change In the 
rate of evolution with the Increase In gais content, the gas content has been 
plotted against the rate of evolution In Figure 22. In this It Is obvious 
that the rate of evolution proceeded In a fairly uniform manner until the 
last two Instances, In which there appears to have beoi a decided Increase 
In Instability, promoting a much higher rate of gas loss. 
Table 1 
EFFECT OF PRESSURE ON EVOLUTION RATE 
Carbon dioxide In water, using steel test bomb filled to a top spaete ratio of 1/10 
Water eontent 346 e.e., top gas space 38»6 e*e* 
T«i®)erature of runs 66® Fahrenheit 
Run nundser: 
32®F« pressure 
Ibs./sq.in* gago 
Std. Volumes of 
carbon dioxide: 
Evolution data*! 
a. b. 0. tt. ' 1. 
41.5 33.5 25.0 18.0 11.0 4.5 
6.5 5.6 4.6 3.8 3.0 s.e 
ec. it. < SSx. So. s ee. t. : ee. is. > ec. Is. 2 CC. ia. 
0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
200 0.4 200 0.8 200 1.0 100 0.9 100 1.3 60 7.4 
400 0.9 400 2.5 400 6.7 200 4.0 200 10,4 100 21.S 
600 1.2 600 4.8 600 15.7 300 7.2 300 28.5 150 37.6 
800 2.1 800 9.6 800 36.4 400 16.7 400 60.2 200 108. 
1000 4.0 1000 20.0 1000 86.5 500 28.3 500 138. 230 150. 
1200 7.2 1200 41.3 1120 150. 600 52.5 
1400 12.5 1400 80.0 700 90.1 
1600 22.0 1500 150. 795 150. 
1800 41.1 
2000 130. 
2020 150. 
Pressure at 65®F. \o 
In bomb Ibs./sq.in.: 83. 70 65 42 31 i? 
Hate of evolution 
 ^ • 900 640 480 350 250 140 
log.tg - log.ti 
•Note: Amount of gas released in minutes t, given directly as e.e. at S.T.P. 
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Fig. 22 
EFFECT OF PRESSURE 
ON 
EVOLUTION RATE 
1000 Carbon dioxide in water 
Temperature 65° Fahr. 
Steel bomb, top ratio l/lO 
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Effeet of temperature on gaa evolution. (Series 9) In these 
runs, a constant gas volume content, as deteralned by the 32^ Fahrenheit 
pressure existing in the bomb, was evolved at Increasing temperatures. The 
observations are tabulated In Table 2. The results are plotted on a normal 
scale In Figure S3. Likewise, they were plotted on the scale having log­
arithm of time In Figure 24. In similar manner the typical straight line 
curves were obtained. 
When the rate of evolution of the gas, as determined by the slope 
of these straight lines. Is plotted against the gas content, as shown In 
Figure 25, It Is found that the rate of evolution of the gas proceeds at a 
slightly greater relative rate than the temperature, causing a curve rather 
than a straight line. This Increasing rate of gas release Is probably 
caused by a change In the physical factors of the water such as viscosity 
or diffusion rate brought about by rising temperature. 
Table S 
EFFECT OF TEMPERATURE ON EVOLUTION RATE 
Carbon dioxide in water, using steel test bomb filled to a top spaoe ratio of 1/10 
Ifater content 346 e«e«, top gas space 38.5 o.e. 
Standard volume of carbon dioxide in boiA, 5.6, or pressure of 33*5 Ibs./sq.in. at 32^ 
Run noniber: 
Teo^jerature of 
run (®F,): 
Pressure in booA) 
at teii9>erature: 
Evolution data*: 
a. 
80 
92 
b. 
66 
73 
50 
64 
d. 
3S 
33,6 
cc. Ix. cc. cc. SSa, 
0 0.0 0 0.0 0 0.0 0 0.0 
200 0.6 200 0.9 200 2.9 100 7.3 
400 1.1 400 2.4 400 9.7 200 16.1 
600 2.1 600 4.8 600 20.5 300 29.9 
800 4.8 800 10.0 800 51.3 400 48.7 
1000 7.4 1000 21.3 1000 144. 600 130. 
1200 15.7 1200 42.5 1010 150. 630 150. 
1400 26.2 1400 98.9 
1600 49.4 1470 150. 
1800 125. 
1840 150. 
Hate of evolution 
V g - Y l  
log.tg - log.t^ 
700 6£6 626 430 
•Note: Amount of gas released In time t, given directly as o«o. at S.T.P. 
- 6 0  
Fig. 32 
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EFFECT OF: TEMPERATURE 
ON 
EVOLUTION RATE 
Carbon dioxide in water 
Carbonation 5.6 Std, Vols. 
Steel bombj top ratio l/lO 
1000 
800 
+> 
600 
400 
200 
50 60' 32 80 70 90 100 
Temperature in Degrees Fahrenheit 
- 63 -
Effect of air content on gas evoltitlon. (Series 10) Using a 
fixed volume of carbon dioxide. Increasing amounts of air were pumped In and 
brought to equilibrium. The air content was then determined at the time the 
bomb was cooled to 32^ Fahrenheit. After the bomb was warmed to the evolu­
tion temperature, the gas was released throu^ the evolution apparatus. 
Typical evolution curves were obtained as In the case of Series 8 
and 9. It was noted, however, that the Increasing amounts of air produced 
Increasing amounts of Instability to the liquid. To show this change, the 
final rate-of-evolution figures have been plotted against the air content 
In Figure 26. Note that the rate tends to Increase In niore rapid proportion 
than the air content. This may be In part because of the extra amount of 
air Impressed, althoue^ substantially all of this air Is liberated In the 
first few minutes, with only a small proportion probably coming out of the 
solution during later Intervals. It appears, however, that these SDOLII 
amounts greatly upset the normal liberation rate as comi)ared with pure car­
bon dioxide. 
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"EFFECT OF AIR IN TOP GAS 
ON 
EVOLUTION RATE 
Constant amount of carbon 
dioxide, 4.75 Std. Vols., 
having increasing amounts of 
air impressed in top space. 
Steel bomb, top ratio l/lO 
Exoerimental Points 
X Air in Evolution 
tOD Kas rate. 
0.0 525 
5.1 535 
10.3 560 
31.6 675 
Air percentage determined at 32°. 
m . 
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Effect of Bttcrose on gas evolution. (Series 11) Again using the 
constant 32^ Fahrenheit pressure of carbonatlon. Increasing amounts of 
sucrose were used In the liquid. The top space ratio was held at l/lO. The 
gas content was then released through the standard evolution set-up. 
Typical evolution ciirves were again obtained which showed a 
characteristic evolution rate. When these evolution rates were plotted 
against the amount of sucrose,as Is Illustrated In Figure 27, a stral{pit 
line is obtained, showing a decrease in rate with Increase In sucrose con­
tent. This is probebly due to two factors: the decrease in solubility of 
carbon dioxide with the Increasing amounts of sucrose in solution, and the 
increase in the viscosity of the sucrose solution. In all probability, 
the diffusion of the gas is also slowed by the Increase of viscosity. 
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EFFECT OF SUGAR IN SOLUTION 
ON 
EVOLUTION RATE 
Constant amount of carbon 
dioxide, 4.75 Std. Vols., 
having increasing amounts of 
sucrose dissolved in liquid. 
Steel bomb, top ratio l/lO 
Exoerimental Points 
i. Sucrose Evolution 
in water rate 
0.0 525 
6. 475 
10/ 430 
14. 405 
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Effect of nuclei on gas evolution, (Series 12) In these xnms. 
It was not possible to get any direct mathemtlcal relationship because of 
the difficulty in evaluating the amount or the size of the nuclei present* 
However, It was observed that In general the presence of nuclei tend to In­
crease the rates of gas evolution from carbonated water. 
To show this, a constant amount of carbonatlon was used In each 
Instance, namely, 4.75 volumes In the bomb with a top ratio of 1/10. This 
amount of gas showed a pressure In the bomb of S7 ibs./sq. In. at 32^ Fahr­
enheit, and 57 ibs./sq. In. at 65^ Fahrenheit, at which latter teoQjerature 
the runs were made. 
The water alone under these conditions showed a rate of 625, eval­
uated under the system developed In Series 8 and 9. When a water showing a 
suspension of diatom growth was tried under Identical conditions, the rate 
rose to 630. A slightly ttirbld water, made Vrom iTopvopee filtration of the 
salt solutions made In Series 7 showed a rate of 585. When small amounts 
of fine emery powder were placed In the bomb, the rate became 570. From 
this It appears that the nundser and distribution of the nuclei through the 
liquid cause Increase In the evolution rate. 
To show that the container surface might have some effect, the In­
side of the bomb was coated with a resin lacquer, thus Increasing the appar­
ent smoothnesB. Under the same conditions the rate was lowered from 525 to 
490, which shows that the roughness of such surface has a decided effect on 
the presenting of added nuclei for the formation of bubbles. 
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Effect of flavoring Ingredients on gaa evolution. (Series 13) 
Using the volume of earbonatlon as in Series 18, runs were made using dilu­
tions of mineral salts, citric acid, and various flavoring agents coismonly 
found in beverages. The salts were NaHCOj^, Ha^SO^, NaCl, and LiCl, in con­
centrations of 26 grains per gallon. Citric acid was used in concentration 
of 100 grains per gallon. The flavoring ingredients in the dilution common­
ly found in beverages of the ginger ale, cola, and root beer types, without 
the addition of sugar, were used. 
With the salts and citric acid no change occtirred in the evolution 
rates, provided that the solutions were carefully filtered previous to the 
run. If there was any turbidity present in these solutions, an increase in 
the rate of evolution occiu'red as was cited in Series 12. According to the 
observations, however, the salts or acid, when in complete solution without 
traces of suspended matter, exert no appreciable effect. 
The flavoring Ingredients behaved the same as water, with the 
exception of the cola type. Unless the oils were fully blended Into this 
latter either by letting it stand for a day or by boiling for a few mlnutea 
before placing it in the bomb, there was a marked tendency toward an erratic, 
rapid loss of gas. This was probably due more to the action of minute oil 
bubbles as nuclei than to any Inherent characteristic of the solution. 
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lY. DISCUSSION OF RESULTS 
A. Determination of Teaperature-Fressure Relationships 
Observations made In Series 2 show that the effect of top space In 
a ^ ttle of carbonated beverage Is of major lnqportance In Influencing the 
pressure In the bottle at any temperature above the freezing point. 
Therefore, If the pressure In the bottle at the IHreezlng point of 
water Is assumed as the criterion for the gas volume content of the liquid. 
It should be possible to develop a mthematlcal equation to fit the change 
occurring as the bottle Is warmed to higher temperatures. 
The findings of the flret series of runs demonstrated that the solu­
bility of carbon dioxide at 32^ Fahrenheit varies directly with the atnos-
pheres of gas pressure exerted on the water up to 5 volumes of gas per vol­
ume of water. With these findings as a basis. It should be possible to eval­
uate the amount of gas In any closed bottle or system at this temperature and 
within the range of gas content, enyiloylng as the solubility factor 1.713vol-
tames of gas per volume of water at one atmosphere absolute pressure (3). 
If symbols are adopted to designate the following: 
V, volumes of carbon dioxide at S.T.P. dissolved In the water, 
p, pounds per sq. In. gage pressure, 
R, ratio of the top gas space to the total volume of the system, 
y, total volume of the system. 
the total gaa content present In the system at 32^ Fahrenheit will be: 
Total carbon dioxide 
(at S.T.P.) = gas in liquid / gas In top space 
= v((i-R)y) 
RenoYlng the conunon factor y from the right side. It Is found that: 
= v(i-a) / B(^ / 1) 
In similar manner It should be possible to coiqmte the amount of 
carbon dioxide presoit In such a systoa at any new tenqperature, T« To be 
In keeping with the first equation, all gas volumes In the equation should 
be calculated to S.T.P, 
Using the same syiobols as before, but adding the following: 
T, temperature in degrees Fahrenheit, 
S, solubility of the carbon dioxide in volumes (cooqnited to S.T.P.) 
per volume of water at one atmosphere pressure and temperature, T, 
X, pressure existing in the system in atmosphex>es absolute, 
the total gas content will be: 
Total carbon dioxide 
(at S.T.P.) » gas In liquid / gas In top space 
= xS((l-R)y / xRy(y ^ 1^) 
Removing the common factor y from the rl^t side, it is found that: 
Total carbon dioxide _ xsd-R) / xR(-i^ ) 
y " T / 460 
Thus there are two equations of the gas content at different tesper-
atures, both equal to the same factor. Therefore, if it Is assumed that the total 
carbon dioxide content is the same aa would be the ease when the same bottle or 
closed systttD of carbonated water were warmed to another temperature. 
Hence, eqoatlng these two stataaents. It Is found that: 
Total earbon dioxide at 32° F. _ Total carbon dioxide at T 
y y 
?(1-R) /R(^/l) - xS(l-R) / XR(-Jfg|-^ 
which, on resolution to find the new pressure x, beecmcMBS 
Y(l-R) / R^/ 1) 
S(1>R) / R( ) 
T / 4eo 
The value X, however. Is In atmospheres absolute* To change to pounds par 
sq. In. gage, the following formula should be useds 
Pressure In Ibs./sq. In. gage = (x-1) (14.7) 
It should be noted that the final form of this equation Is Inde­
pendent of the exact volumes of the bottles or systems In question; It de­
pends only on the top ratio R. 
Using the equation Just presented, a series of volumes of carbona-
tlons at 3S° Fahrenheit has been eooqputed to their respective {a^essures at 
higher tesperatures, varying the ratio of the top space to the total content. 
These values are tabulated In Table 3, and have been plotted In Figure 28. 
In this series more exact values for the solubility of carbon 
dioxide In water at teiq>erature8 above freezing are given than were shown 
in the gas volume chart In Figure S. These have beaa Interpolated from 
Centigrade temperatures as given In the original work of Bohr and Bock (3). 
These values are listed In the following Table 4. 
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Table 3 
COMPUTED PRESSURES IN BOTTLES 
WITH THE DESIGNATED TOP SPACE RATIOS AND CARBONATION 
(Pressure Ibs./sq. In. gage) 
T®r. 
Top Space 
Ratio 2 Volumes 3 Volunes 4 Volumes 5 Volumes 
32 0 2.46 11.04 19.63 28.21 
40 1/5 5.15 15.08 25.01 34.93 
lAo 5.37 15.40 25.43 35.47 
1/15 5.43 15.50 25.56 35.63 
1/30 5.50 15.60 25.70 35.80 
0 5.56 15.69 25.82 35.95 
50 1/5 8.77 20.51 32.25 43.99 
1/10 9'.36 21.39 33.42 45.45 
lA5 9.55 21.68 33.80 45.93 
1/30 9.74 21.96 34.18 46.40 
0 9.92 22.23 34.55 46.86 
60 1/5 12.55 26.17 39.79 53.41 
1/10 13.63 27.79 41.96 56.12 
1/15 
1/30 
13.99 28.33 42.67 57.02 
14.34 28.86 43.38 57.90 
0 14.70 29.40 44.10 58.80 
70 1/5 
1/10 
16.40 31.96 47.51 63.07 
18.11 34.51 50.92 67.33 
lA5 18.69 35.38 52.08 68.77 
1/30 19.27 36.25 53.23 70.22 
0 20. 85 38.12 55.40 72.67 
80 1/5 
1/10 
20.66 38.34 56.02 73.70 
23.19 42.14 61.08 80.03 
1/15 24.06 43.45 62.83 82.21 
1/30 24.95 44.77 64.60 84.43 
0 25.85 46.13 66.40 86.68 
90 1/5 24.63 44.29 63.96 83.62 
1/10 
1/15 
27.89 49.19 70.49 91.79 
29.25 51.22 73.19 95.17 
1/ZO 30.48 53.07 75.66 98.25 
0 31.75 54.97 78.19 101.41 
100 1/5 28.62 50.29 71.95 93.61 
I/IO 33.05 56.93 80.80 104.68 
1/15 35.12 60.03 84.94 109.85 
1/30 36.28 61.77 87.26 112.75 
0 37.99 64.33 90.68 117.02 
COMPOSITE 
TEMPERATURE-PRESSURE CURVES 
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<D 
H 50 
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retical computation as 
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at the top of each curve. 
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Table 4 
SOLUBILITY'OF CARBON DIOXIDE IN WATER AT ATMOSPHERIC FRESSDRE 
Teaperature 
° FahreAhelt 
Volumes (at S«T.P«) 
per volume of water 
3S 
40 
50 
60 
70 
80 
90 
100 
1.713 
1.461 
1.194 
1.000 
0.851 
0.726 
0.633 
0.568 
In eoiqparlson with the experimental findings In Figure 16, these 
computed values show very good general agreement. At lower earbonatlon, 
the figures agree within one-half pound. However, at the hl^er tei]q>eratures, 
there Is a tendency for the experimental values to run slightly lower. 
It Is generally conceded that eartwn dioxide begins to diverge 
flrom the behavior of a perfect gas at over 6 to 6 atmospheres pressure, re­
quiring greater pressure to effect solubility (18). However, In this In­
stance we have two separate factors Involved, the solubility In the liquid 
and the compressibility of the gas In the top space. Uetschl (27) has 
observed that carbon dioxide solubility progressed very regularly In direct 
proportion to the pressure exerted up to 5 atmospheres, or. In other words, 
follows Henry's law. Sander (35) found this to be true; he also found that 
while the range was low at teniperatures near the freezing point, the range 
In which this law held became much greater at the hl^er temperatwes. In 
all probability the Increase over theoretical pressure then at 90^ Fahren­
heit and 90 Ibs./sq. In. gage (7.1 at. abs.) will not be great. 
75 
Aa the pressures on carbon dioxide increase, the eoopresslon fac­
tor, FY, decreases several per cent fn>m theoretical (1.9), Thus, in the 
particular Instance In question, the solubility preitsure rise at these higher 
values will tend to be offset by the e<HBpresslon decrease. It will be noted, 
however, that, at the extreme case, a carbonatlon of 6 volumes with top 
space ratio of 1/5 and a temperature of 90^ Fahrenheit, the coiqputed value 
is 83.6 Ibs./sq. in. gage, while the experimental value is 82.5, a dlffw-
ence of 1.1. This is the maximom divergence in this particular work and is 
probably due to the increased effect of the conQiression of the gas in the 
top space. Because the normal amounts of gas carried in carbonated beverages 
are generally lower i.than this, and the test temperatures are normally lower, 
it is considered that the formula is well within the limits of industrial 
accuracy. 
The effect of air has been shown to be substantially that of an 
imposed pressure on the pressure of the carbon dioxide. Therefore, in com­
puting the total pressure to be found in a given bottle or system, the 
amount due to the presence of air will be added to that due to the carbon 
dioxide. 
The effect of the sucrose in solution shows that, although it does 
lower the total solubility of carbon dioxide per volume of solution, it does 
not appreciably alter the temperature-pressure relationship. It is ccm-
ceivable that it merely displaces an amount of water which might absorb 
carbon dioxide in relative proportion to the amount of the sucrose dissolved. 
In this case It would upset the apparait amount of liquid which would enter 
into the computation of the top space ratio. It is suggested that adjustment 
for the amount of sucrose which might be In solution could be made In the 
eonputatlon of the top space ratio the following formula: 
Top space ratio 
corrected for sucrose = TOP space volme 
(Liquid volume)(100 - (% sucrose}(0.9)} 
/ (top space volume) 
In this, the factor 0»9 Is the relationship which seemed to exist between 
the wel^t of sucrose In solution axid the resulting drop In gas solubility 
and, therefore, probably Is an approximation of the displacement effect. 
The results have shown that. In the normal Instance, the presence 
of mineral salts or flavoring Ingredients will not alter this relationship 
appreciably. Therefore, It Is only necessary to know the ratio of the top 
« 
gas space In the bottle In question, the amount of sugar which is In the * 
liquid, and the normal air contmit In the filled bottle. 
With this Information, and having decided on the proper volume of 
carbonatlon for a definite beverage. It will be possible to compute the 
pressures existing In the bottle with the measvired top space ratio corrected 
for the sugar content. Since such pressure will be due to the carbon dioxide. 
It will then only be necessary to add the pressure of the air content nor­
mally found to these figures and to draw up a temperetureopressure cturve for 
the product, which can serve as the control guide for the product. Because 
of the factors entering Into this computation. It Is not considered wise to 
atteiqpt a series of charts lowing the probable pressures under assumed con­
ditions, particularly In view of the possibility that operators might mis­
read these factors In the Industry. With a simple tei^erature-pressure curve, 
there Is little opportunity for misreading. This also places an evaluation 
of the related factors In the hands of trained men. 
" ''K,' -' • ' • 
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) -J B« UeasurenentB on Evolution Rates 
The liberation of carbon dioxide from the solution In which It Is 
absorbed appears to go through several steps: the diffusion or migration of 
the gas from the liquid adjacent to a point or nuclei where a bubble forms, 
eventually developing sufficient buoyancy to rise to the surface of the 
liquid and escape Into the atmosphere. The amounts of dissolved carbon 
dioxide considered In this investigation have all been In excess of the nor-
sal saturation of the liquid. Resultantly, a degree of supersaturatlon 
exists when the liquid Is opened to atmospheric pressure. It Is this In­
ternal strain or dlfferoice In the gas tension existing In the liquid as 
conQ>ared with that existing In the atmosphere at the s\irfaee that Is the 
motivating force for the gas evolution. 
The release of the gas from solution Is Intimately connected with 
the pressure of the gas In solution. According to the findings, the rate of 
gas evolution Increases In orderly fashion as this pressure Increases, until 
a point of Instability Is reached, beyond which the Increase becomes out of 
proportion. Undoubtedly the gas tension at this point exceeds the Inherent 
stability of the liquid, resulting In the excessive rate. 
The presence of air In the top space, accooqpanled by smll amounts 
of air dissolved In the liquid, appears to Increase this Internal tension 
and thereby Increase the evolution rate. This Is probably due to a more 
rapid release of air from the liquid since It has not the tendency to form 
coBq>ounds with the water as In the case of carbon dioxide. Although the 
small bubbles may not directly aggregate much volume, they may formanuidber 
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of nuclei, distributed through the liquid, which nsy Increase the rate of 
carbon dioxide bubble formation and release* 
The regular Increase In the rate of evolution with rising tonper-
ature would Indicate an Increase In the rate of diffusion of gas to those 
points at which bubbles were forming. Likewise, the diffusion may be In­
creased by the agitation of the gas biibbles at high rates of evolution, or by 
similar mechanical agitation which would cause ctirrents In the liquid, there­
by tending to Increase the rate of gas release. In the case of sucrose In 
solution, the Increase In viscosity of the solution appears to have decreased 
the diffusion rate. 
Nuclei which act as points for the formation of bubbles before 
their release to the surface are of great Importance. It Is conceivable 
that they may be a controlling factor In some Instances, for the work of 
Kenrlck, Wlsmer, and Wyatt (22) has shown that It Is possible to lower solu­
tions sattirated at pressures of 35 atmospheres of carbon dioxide to atmos­
pheric pressure without the formation of bubbles. If particular care was 
taken to Insure extreme cleanliness and absence of potential nuclei. The 
greater the number and distribution of nuclei, the greater the possibilities 
will be for bubbles to be formed and released to the surface, the rate of 
their formation being dependent on the migration of the gas from the sur­
rounding liquid. 
This Is borne out by the fact that the water containing diatom 
growth In suspension showed the groatest evolution rate. Next came suspended 
crystalline material; then emery particles. This Is In the order of the prob­
able relative numbers of actual Individual particles In suspension which 
might aet as nuelel. The reduction In evolution rate by the masking of some 
of the surface rotighness of the bomb vlth a lacquer furthers this viewpoint. 
Althou^ the Investigated flavoring Ingredients excepting sugar 
shoved no appreciable effect on the rates of gas evolution, there may still 
be some possibility that differences exist In the behavior of various Indi­
vidual flavors. Because this field of flavoring agents In this particular 
Industry Is too varied to be completely surveyed In this work, the following 
suggestions are made to allow comparison of various products. It Is sug­
gested that the bottled carbonated beverages In question be connected to an 
evolution set-up similar to that shown In Figure 8, and the gas evolved at 
a known temperature, beginning the evolution time from the first release of 
gas from the bottle. Then from the data the product should be evaluated by 
the following fonmila, which differs from that used In the eocperlmental work 
only In that the amounts of gas released are expressed as volumes of gas (at 
S.T.P.) per volume of liquid: 
Evolution factor 
at teBq;>erature t • = 0 t 9f 
log.lg- log.t^ 
In this equation the symbols represent, as before, V, the amount 
of gas evolved at any given time t In minutes. The volume of gas In this 
Instance Is corrected to Standard Temperature and Pressure. By this method 
of computing In volumes of gas per volume of liquid. It will be possible to 
conqpensate In part for differences In bottle size, so that relative compari­
son values may be obtained. 
- 80 -
Application of these considerations to Industrial practice would 
presume the following general recommmdatlona. The amount of gas In a given 
product should be controlled so that the content Is below the Instability 
point of the carbonatlon under the given conditions of liquid and container. 
The air content In the top gas spaoe should be controlled by proper selection 
and adjustment of filling equipment. The sugar content will be a matter of 
taste of the consumer, but the gas content can be adjusted for any change it 
will bring about. The presence of nuclei In the water or flavoring Ingredi­
ents must be controlled to prevent excessive rates of gas liberation; con­
versely, It may be possible by controlling the amounts of these nuclei present 
to adjust in a measure the exact rate at which the gas will evolve. 
There will remain the choice of flavoring agents, which In a par­
ticular flavor should be fairly restricted and should allow craparlson by 
the suggested method. It would also seem wise to prevent undue agitation or 
mechanical disturbance of the liquid, and to use the beverage at a reasonably 
low tenq^erature to aid the gas retention. 
From the Judicious selection of these factors. It should be 
possible to achieve the desired balance of gas content, regular gas evolu­
tion, and pungency In a given bottle of carbonated beverage. 
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V. CONCLUSIONS 
1* The tetoperature-preasTire relationship of carbon dioxide dis­
solved In aqueous solutions as found In bottled carbonated beverages Is af­
fected by the presmce of the top gas space In the bottle, by the presence 
of air In this gas, and by the amounts of sucrose often dissolved In the 
liquid. 
a. The top space of the bottle exerts a lowering of the 
pressures developed at higher temperatures, directly In propor­
tion to the relative size of the space* This effect can be com­
puted by a modified formula. 
b. Air present In the gas tends to collect In the top space, 
vhere It exerts a pressure additive to that of the carbon dioxide. 
c. Sucrose present In the aqueous solution depresses the 
solubility of carbon dioxide In direct proportion to the amount 
dissolved, thereby altering slightly the temperature-pressure re­
lationship. A correction factor can be applied to the modified 
formula to compensate for this effect. 
d. Small amounts of mineral salts or flavoring agents exert 
no appreciable effect on the solubility or the teoaperature-pressure 
relationship. 
2, The retention ability of the carbonated liquids, or, conversely, 
the rate of evolution of the carbon dioxide from the solution Is directly 
Influenced by the Internal tension existing In the liquid, by the rate of 
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dlfftislon of gas through the liquid, and by the presttice of nuclei for gas 
bubble formation. When the combined effect of these factors exceeds the in­
herent stability of the liquid, a point of instability is reached with re-
suiting excessive evolution of the gas content. 
a. Carbon dioxide content influences the rate of evolution 
in direct proportion to the gas content until the stability point of 
the liquid is reached, beyond which an excess rate of gas loss 
results. 
b. Increasing the temperature of the liquid not only increases 
the tension of the gas in the liquid but also increases the rate 
of diffusion of the gas to those points of origin of gas bubbles, 
increasing evolution rates. 
c. The presence of air in the solution increases the internal 
tension of the liquid and promotes greater instability of the li­
quid, the effect proceeding in greater proportion than the amount 
of gas present. 
d. Sugar In solution tends to lower the gas tension in the 
liquid and to decrease the rate of gas diffusion, thereby lowering 
the rate of evolution. 
e. The presence and distribution of nuclei are of basic im­
portance for the formation of the gas bubbles in the solution. 
With a given gas content, the amount of nuclei is the controlling 
factor of the gas evolution rate in these liquids studied. 
f. Although the small amounts of mineral salts and those 
flavoring Ingredients studied showed no appreciable change in 
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evolution rates, the probable effect of any of the large group of 
flavoring agents will be to change the Inherent stability of the 
liquid by altoraitlon of one or more of Its physical factors or by 
the Introduction of additional nuclei. 
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YT^ 
This work Investigated the retention of carbon dioxide In liquids 
eommonly en9>loyed for carbonated beverage purposes under the conditions gen-
erally associated with their preparation and use. 
Using a steel botnb, conditions duplicating those found In sealed 
bottles were devised. Enqploylng accxirate pressure gages, the pressures re­
sulting In the bomb with varying carton dioxide contents and teiQieratures 
were observed to obtain correlation wlt^ reference to the gas content. It 
was found that the top gas space In the bottle exerted a marked effect, low­
ering the resulting pressures with temperature rise as the space was Increased. 
Similarly, It was found that the presence of air In the gas exerted 
an additive pressure, without appreciable Increase Ih the total gas content 
In solution as a result of the low soliiblllty of the air. Sucrose In solu­
tion decreased the solubility of the carbon dioxide In the liquid In direct 
proportion to the amount dissolved, and also exerted a slight lowering ef­
fect on the temperature-pressure relationships. The normally occurring small 
amounts of mineral salts and flavoring agents, not including sugar, showed 
no appreciable effect on the teii^eratureifpressure relationships. 
Consideration of these temperature-pressure relationships showed 
the possibility of expressing the results mathematically to conqpensate for 
the top space in the bottle from the former theoretical standards used in the 
indtistry. The effect of the top space of the bottle was found to be inde­
pendent of the size of the bottle, and only correlated as a ratio of this 
volume to the total volume of the bottle. The air content was found to be 
easily eixpressed as an Imposed pressure on the carbon dioxide pressure. 
Sugar In the solution necessitated only a conqpensatlon In the top space 
ratioy due to Its apparent displacement effect of a portion of the active 
absorbing water In the body of the liquid. 
Eiqploylng carbonated liquids prepared In this steel bomb, rates 
of gas evolution were measured, using a displacement flask. From this It 
was found that the evolution proceeded as a straight line function of the 
lot^lthm of the time. 
As the gas content was Increased In a liquid, the evolution rates 
Increased regularly up to a point of Instability, beyond which the rates ad­
vanced excessively. As the temperature of the evolution was Increased, the 
rate of evolution Increased regularly because of Increase In the gas tension 
In the?llquld, and the rate of diffusion of the gas through the liquid to 
points of btibble formation. 
Air in the gas was found to Increase the Instability of the li­
quid, promoting rates of evolution In excess of the amounts of air present. 
Sugar In the solution lowered the solubility and diffusion of the gas In the 
liquid, lowering the evolution rates. Other flavoring Ingredients showed no 
appreciable effect. 
The presence of nuclei for bubble formation was foundi to be ex­
tremely Important, second only to the gas content In promoting evolution. 
The number and distribution of these nuclei were directly correlated with 
the rate found. 
From the findings, applications were drawn for Industrial practice. 
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and an evaluation fonmila devised to be tised for direct comparison of com­
mercial products, as to their relative gas evolution rate. 
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